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> PetRoLEUM chemistry in operation occupies outdoor apparatus built for con- 
tinuous processing, like this recovery and purification unit at the Chemcel 
plant of the Celanese Corporation of America at Bishop, Texas. Thermodyna- 
mics furnishes the key to planning and carrying out chemical reactions on 


such a complicated scale. 


| Thermodynamics 


by Frepertck D. Rossini 

ls retiring president of the Wash- 
ington Academy of Sciences, Dr. 
Rossini of the National Bureau of 
Standards described for his fellow 
scientists the theoretical background 
of his fundamental work with hydro- 
carbons. A portion of that talk, re- 
printed here from the Journal of the 
Washington Academy, explains the 
energy changes which underlie all 
chemical reactions from sputtering to 


fission, 


> THERMODYNAMICS provides laws 
the energy 
trom one system to another, the trans- 


that govern passage of 
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formation of energy from one form 
to another, and the utilization of en- 
ergy for useful work. These same 
laws also govern the change of mat 
ter from one molecular or 
species to another. 


atomic 


All matter of specified composition, 
in given electrical, magnetic, and 
gravitational fields, may be considered 
to have five fundamental thermody- 
namic properties—pressure, volume, 
temperature, energy, and entropy. 
Knowledge of the proper manner of 
applying the laws of thermodynamics 
to these fundamental properties of 
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substances permits one to subject all 
transformations of energy and matter 
to the powerful scrutiny of thermody- 
namics. 


Every physical process or chemical 
reaction, including biological ones, 
may be examined thermodynamically. 
However, the fruitfulness of such ex- 
amination depends greatly upon the 
extent to which are known the fun- 
damental properties of the initial and 
final states of the process or reaction. 
If the energy and entropy are known, 
with respect to appropriate reference 
points, for all values of pressure, 
volume, and temperature to be cover- 
ed in the investigation, then the ther- 
modynamic examination can be a 
complete one. 

When under given conditions a 
chemical reaction takes place of its 
own accord, it is because the ensemble 
of atoms and molecules has an oppor- 
tunity of improving its over-all sit- 
uation with regard to energy and 
entropy. In the final state of a na- 
turally ocurring reaction or process, 
the atoms become arranged in mole- 
cular forms that have a more favor- 
able combination of lower energy and 
higher entropy than in the initial 
state. 

Calculating Results 

Given certain initial and final states 
of a proposed chemical reaction, it is 
frequently desirable to ascertain, with- 
out possible costly experimentation, 
what will be the amounts of the re- 
acting material in the initial and final 
states, respectively, at thermodyna- 
mic equilibruim under the specified 
conditions. With known data on the 
changes in energy and entropy be- 
tween the two states, under the given 
conditions of pressure, volume, and 
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temperature, thermodynamics pe r- 
mits calculation of the amounts of 
material in the two states at equili- 
brium. If the amount of the material 
in the final state at equilibrium is 
large, the proposed reaction has a 
favorable equilibrium under the given 
conditions. 


Another illustration of the power 
of chemical thermodynamics is the 
following: Given 10 possible pro- 
ducts which may be formed from one 
starting substance, what are the 
amounts of the starting substance and 
of each of the 10 possible products at 
equilibrium under the specified condi- 
tions? With a knowledge of the dif. 
ference in energy and in entropy 
between the starting substance and 
each of the 10 preducts, one can 
answer this question with confidence, 
without experimentation on the com- 
plex reaction involved. 


In the foregoing examples it is im- 
portant to note that thermodynamics 
does not evaluate the rate at which the 
given equilibrium concentrations or 
amounts are reached, does not speci- 
fy the mechanism by which the mole- 
cules are transformed from the initial 
to the final state and vice versa, and 
does not disclose any information 
regarding the details of the molecular 
structure of the molecules involved in 
the reaction. 

The rate at which molecules pass 
from the initial state to the final state, 
and vice versa, in a given chemical 
reaction is determined by the eneryy 
of activation and the temperature. 
The rate of a specified reaction i»- 
creases with increase in temperatu 
and with decrease in the energy «f 
activation. By means of a suital 
catalyst, the energy of activation co. 
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be very materially reduced, producing 
a ¢ rrespondingly large increase in 
the rate of reaction. The function of 
a catalyst is primarily twofold—to 
increase the rate of reaction and to 
guide the reaction along the desired 
course, 

[here exists a property of every 
thermodynamic _ system called its 
energy, E, which is honmatenl by 
the fact that it is fully conserved over 
all systems in every process. The ex- 
istence of energy is manifested to us 
through observations of the changes 
which it produces in material things. 
The various kinds of energy with 
which we are familiar include heat 
energy, mechanical kinetic energy, 
mechanical potential energy, electrical 
energy, and radiation energy. 

Different processes have associated 
with them quite appreciably different 
amounts of energy. The following 
examples illustrate the tremendous 
variation in the magnitude of the 
changes in energy, which accompany 
different processes. 


Processes involving changes in the 
nuclei of atoms.—In the nuclear fis- 


son of uranium 235 with 1 neutron 


to form barium, krypton, and 3 neu- 
trons, 

U235 + n! = Ba + Kr + 3n’, 
the energy given up by the system to 
the surroundings is approximately 4 
x 10! cal/mole. 

Processes involving changes in the 
valence electrons of atoms or mole- 
cules—In the recombination of an 
electron with a proton to form a neu- 
tra! hydrogen atom, 

e + H’ = H, 
the energy given up by the system to 
the surroundings is about 3 x 10° 
cal /mole. 
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Processes involving changes in mo- 
lecular structure—In the reaction of 
hydrogen with oxygen to form wa- 
ter, 

He + 5 Oz — HO 

the energy given up by the system to 
the surroundings is about 6 < 10¢ 
cal/mole. 

Processes involving changes of state, 
as from solid to liquid or liquid to 
gas—In the condensation of water 
vapor to liquid water, 

HO (gas) = H20 ( (liquid) 

the energy given up by the system to 
the surroundings is about 1 x 104 
cal/mole. 

Processes involving changes in 
translational, rotational, and vibra- 
tional energy in a molecule—In the 
process of cooling gaseous oxygen 
from room temperature to near ab- 
solute zero, 

O.(gas, 300°K) = O2(gas, 0°K), 
the energy given up by the system to 
the surroundings is about 2 X 10% 

cal/mole. 

Processes involving changes in me- 
chanical potential energy—When a 
mass of water is dropped from a 
height of 555 feet, the energy given 
up by the system to its surroundings 
is about 7 cal/mole. 

Processes involving changes in me- 
chanical kinetic energy.—In the stop- 
ping of a mass of water traveling with 
a speed of 50 miles per hour, the 
energy given up by the system to its 
surroundings is about 1 cal/mole. 

In every process that occurs, every 
change in energy must be in accord 
with the first law of thermodynamics. 
This law governs not only the trans- 
fer of energy from one place to an- 
other, but also all the transformations 
of energy in its various forms. 





The first law of thermodynamics 
was contained implicitly in the work 
of Carnot (J) in 1824 and of Mayer 
(2) in 1842, but was first stated un- 
ambiguously by Helmholz (3) in 
1847. The first law may be summed 
up in the statement that the energy of 
the universe remains constant. That is 
to say, whenever any process occurs, 
the sum of all the changes in energy, 
taken over all the systems participat- 
ing in the process, 1s Zero. 

Every system, if left to itself, chang- 
es rapidly or slowly in such a way as 
to approach a definite final state of 
rest or equilibrium (4,5). Examples 
of processes tending toward such 
equilibrium are the following: The 
diffusion of solute material from a 
concentrated solution into a dilute so- 
lution, leading to uniform concentra- 
tion; the passage of heat from a hot 
body to a cold body, leading to uni- 
formity of temperature; the combus- 


tion of coal in air; the running down 
of a mechanical clock. 


As these processes tend toward their 
final state of rest or equilibrium, the 
systems lose some measure of their 
capacity for spontaneous change. If 
we wish to harness one of these spon- 
taneously occurring processes to do 
useful work, we would select one re- 
moved as far as possible from its state 
of rest or equilibrium, and which has 
a sufficiently high rate of change to- 
ward that equilibrium. 

The passage of a system toward 
equilibrium does not necessarily mean 
that its energy is decreasing. That 
energy may be constant. What is be- 
ing lost is the capacity of the system 
for spontaneous change. 

This brings us to the idea that there 
exists a property of every thermody- 


namic system, caled its entropy, §, 
which is associated with its capacity 
for spontaneous change. The property 
is characterized by the fact that it is 
fully conserved over all systems for 
every reversible process, in which 
every driving force or pressure dif. 
fers from the resisting force or pres- 
sure only by a differential amount, but 
increases for all other processes. 

Whenever any process occurs, under 
any conditions, the sum of all the 
changes in entropy, taken over all the 
systems involved, is equal to or great- 
er than zero. 

When the given process is a re- 
versible one, the sum of all the chang- 
es in entropy, taken over all the 
systems participating in the reversible 
process, is equal to zero. 

In subjecting a given process to the 
scrutiny of the second law of ther- 
modynamics it is usually convenient 
to specify or define a particular sys- 
tem, and to let all other possible sys- 
tems constitute one large surrounding 
system. Whenever any reversible pro- 
cess occurs, the increase in the en- 
tropy of the given system is equal to 
the decrease in the entropy of the 
surroundings, and vice versa. 
Greatest Entropy 


For any reaction, the atoms consti 
tuting the molecules involved in the 
reaction will tend to go preferentially 
into those molecular configurations | 
which the entropy is greatest and 
which the energy is lowest (algebrsic- 
ally). The greatest entropy is in g 
eral associated with those molect 
configurations having the largest m 
ber of states of existence, that is, th 
molecular configurations in which 
atoms will have the greatest freed 
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> Laporatory at the National Bureau of Standards where Dr. 


Ros sini "s mea- 


surements of hydrocarbons are made, to determine what energies are involved 


n their combinations. 


The shiny round calorimeter in the foreground is used 


to measure heat involved in these reactions. 


On the other hand, the 
lowest energy is in general associated 
with those molecular configurations 
which the atoms are bound most 
strongly, one to another, that is those 
molecular configurations in which the 
atoms will have the greatest structural 
security. The final state of equilibrium 
Sa compromise between these two 
opposing tendencies, toward maxi- 
mum freedom on the one hand and 
maximum security on the other. 


of existence. 


In considering the possible produc- 
tion of a needed material of commerce 
by means of a number of proposed 


chemical reactions, one of the prac- 
tical things to be known first about 
tach reaction is the value of the equi- 
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librium constant as a function of tem- 
perature. For many reactions it is not 
possible to determine the equilibrium 
constant directly, except at a prohi- 
bitive cost, and it becomes necessary 
to evaluate the equilibrium constant 
by means of the standard change in 
entropy, and the standard change in 


heat content, for each reaction. 


The values of the standard change 
in entropy, for a given reaction may 
be obtained from the values of the 
entropies of each of the reactants and 
each of the products. The values of 
the entropies of the individual com- 
pounds may be determined by ap- 
plication of the third law of thermo- 
dynamics to measurements of heats 





of transition, fusion, and vaporization, 
and heat capacities, down to low tem- 
peratures or by statistical calculations 
utilizing spectroscopic and other mo- 
lecular data. 


The values of the standard change 
in heat content, may be obtained from 
calorimetric measurements of the 
heats of appropriately selected chemi- 
cal reactions. 


From the values of the equilibrium 
constant as a function of tempera- 
ture, the optimum temperature of op- 
eration for maximum yield is select- 
ed. The next point to be investigated 
is whether, at the selected tempera- 
ture, the given reaction can be made 
to proceed at a sufficiently rapid rate 
for practical operation. Since the rate 
of reaction increases markedly with 
temperatures, those reactions to be op- 
erated at high temperatures will 
usually offer little difficulty regarding 
the rate of reaction, although consid- 
erable trouble from the occurrence of 
undesired side reactions may occur. 
However, if the reaction is to be run 
at a low temperature, it will usually 
be necessary to find for the given re- 
action a specific catalyst which will 
produce a sufficiently rapid rate with- 
out introducing a significant amount 
of undesired side reaction. 

The ideal thermochemical table is 
one which will permit the calculation 
of the heat of every chemical reaction. 
Obviously it would be impractical to 
list in a table the heat of every re- 
action, but the same end is accom- 
plished by listing for each chemical 
substance its heat of formation from 
the elements in selected standard 
states. It is evident that, by proper 
selection, the number of chemical re- 
actions whose heats must be measured 
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will be about the same as the number 
of substances listed in the table. Some 
saving in the number of reactions to 
be measured will occur among the or- 
ganic compounds because of certain 
correlations which permit the evalua. 
tion of the heat of formation of high- 
er members of homologous 

similar isomeric structures, etc. 


Series, 


Heat of Formation 


The value of the heat of formation 
of a given substance may be the re 
sult of the determination of the heat 
of one reaction, as in the formation 
of liquid water from gaseous oxygen 
and hydrogen. For many other sub- 
stances, however, the value will result 
from the measurement of the heats 
of several reactions. For example, the 
value of the heat of formation of 
methane, from its elements carbon 
and hydrogen, depends upon mea 
surements of the heats of the follow 
ing three reactions: the heat of com 
bustion of gaseous methane in gascous 
oxygen to form liquid water and gas- 
eous carbon dioxide; the heat of 
combustion of solid carbon in gascous 
oxygen to form gaseous carbon di- 
oxide; and the heat of combustion ol 
gaseous hydrogen in gaseous oxygen 
to form liquid water. 


There will be certain basic values 
in the table which will be used very 
frequently in the derivation of other 
values. These basic values, which 
should be known with considerable 
accuracy, include the heats of fo:ma 
tion of water, carbon dioxide, 1 itric 
acid, sulfuric acid, hydrogen chloride, 
hydrogen sulfide, and others. 
cause of this interdependence of 1 an) 
of the values of heats of formatic., it 
is extremely desirable that values for 
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umber the important thermochemical con- of reaction can be accurately measur- 
Some stants be carefully selected, and when ed. 
ons to any change is made in any one of the 
he or- B® basic values, corresponding changes 
certain should be made in all the values 
valua- % which depend upon it. It is for this 
high same reason that the addition or sub- 
series, traction of values of heats of forma- 
tion from different thermochemical 
tables is a precarious undertaking. 


The principle of the modern ex- 
perimental method in thermochemis- 
try is to carry out the reaction to be 
studied in the calorimeter in such a 
manner that it will be possible to 
compare the heat evolved by the 
chemical reaction with the heat evolv- 
ed by electrical energy or with the 

in order to determine the value of heat evolved by a measured amount 
the heat of formation of a substance, of a standard chemical reaction, the 
one selects for measurement reactions heat of which has already been com- 
in which all the reactants and pro- pared with electrical energy. 
ducts, except the given substance, are (1) Carnot, Sat. Reflections sur la puis- 
either elements in their standard re- sonce motrice du feu. Paris, 1824 


¢ / ; (Translated in Harper's Scientific 
ference states or are substances whose Memoirs, Sect. VI, New York 1899.) 
heats of formation are known. (2) Mayer, J. R. Liebig's Ann. Chem. 42: 
“ a h 233. 1842. 
lhe chemical reactions whose heats (3) pe:mapoutz, H. von. Ueber die Erhal- 


are to be measured must be ones tung der Kraft. Berlin, 1847. 


1c ° “ty we (4)° Lewis, G. N., and RANDALL, M. Ther- 
which proceed to completion (except cominanenhie anal Uae tan annual 
in so far as a small amount of side chemical substances. New York, 


. . 1923 
reaction is known and can be cor- . 


- (5) Gress, J. W. Collected works 1: New 
rected for) and for which the amount York. 1931 
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> Enercy is the paramount consider- 
ation in designing a chemical plant, 
such as these absorbers at the Humble 
values Oil Company's Texas installation. In 
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these towers the liquid constituents 
are removed under high pressure from 
the gas. The oil employed is of such 
a character that it will not dissolve in 
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Rheumatic Diseases Yield to 
Chemical From Adrenal Cortex 


Seek New Sources of Cortisone 


> A creat step has been made in the 
treatment of the rheumatic diseases: 
arthritis, rheumatism, rheumatic fe- 
ver, gout and other related diseases. 
A hormone from the adrenal cortex, 
a little but vital gland at the base 
of the brain, controls the symptoms of 
these ills that collectively are the most 
prevalent chronic diseases in this 
country. 

The fountain of youth for aging 
people and a defense against more of 
the chronic than arthritis 
may be found in cortisone and simi- 
lar hormones so dramatically effec- 
tive in making the rheumatically crip- 
pled get up and walk. 

Dr. Edward C. Kendall of the 
Mayo Clinic who isolated this anti- 
arthritis hormone, tells how, after in- 
jections of small amounts of this 
material for a few days, a woman so 
crippled with rheumatism that she 
could not take more than two or three 
steps before the treatment went down- 
town and shopped for three hours. A 
man whose joints were so painful 
that he could not bear to have anyone 
touch him actually danced a jig. Ob- 
viously it is wonderful stuff and since 
the rheumatic diseases attack about 
seven and a half million people in this 
country there is a large potential de- 
mand for it. But, as it is very difficult 
to produce, little Cortisone is available. 

Cortisone, (originally known as 
Compound E, which name was aban- 


diseases 
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doned because of confusion with vita- 
min E) is a complex chemical that 
was originally obtained from the cor- 
tex of the adrenal gland. It is now 
being prepared synthetically from a 
bile acid. After its isolation by Dr. E. 
C. Kendall, Dr. Philip S. Hench ot 
the Mayo Clinic headed the group 
that pioneered its clinical use. Merck 
and Co. chemists participated in the 
biochemical investigations that result- 
ed in its partial synthesis. The tull 
scientific name of Cortisone is 17- 
hydroxy-!1-dehydrocorticosterone. 


Relief of 7,000,000 arthritics and 
over 100,000 rheumatic fever patients 
in the USA is the obvious but dis- 
tant goal for the new treatment but 
of deeper import is discovery that the 
substance that treats the patients so 
effectively actually seems to restore 
some of the tissues of the body that 
have been supposedly irreversibly 
changed by the inevitable process of 
aging. Cortisone seems to have a 
beneficial effect upon the metabolism 
of the collagens, the fibrous proteins 
that give support to the skin, tend: 
and bones. 


In Mayo Clinic human ex} 
ments, much to the surprise of 
investigators, old joints that w 
stiff were loosened up and the « 
nective tissues were found to 
physiologically renewed. This is 
basis of renewed hope that a 
covery even beyond the succes 
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treatment of the rheumatic diseases 
has been made. 


ortisone is also being tried, ex- 
perimentally, in certain kinds of 
cancer. Obviously much more needs 
to be known about it before it can be 
uscd on patients generally. So those 
concerned with this hormone have 
turned to the National Academy of 
Sciences and a committee has been 
appointed to investigate this 
medical development. 


new 


Scarce supplies of the dramatically 
effective drug will be allotted by the 
committee under the chairmanship of 
Dr. Chester S. Keefer of Boston, who 
during the war also was “czar” of 
civilian penicillin and streptomycin 
distribution. 

The amount of the new 
drug available during the remaining 
months of this year will be used 
for clinical and investigational pur- 
poses to provide information vitally 
needed to insure its safe and effec- 
tive use. 

The 


small 


value of Cortisone in con- 
trolling the symptoms of this pain- 
fully crippling disease is regarded as 
established, Dr. A. N. Richards, Aca- 
demy president, stated, but much re- 
mains to be learned concerning its 
possible untoward effects, its useful- 
ness in other diseases and the me- 
chanism of its action. 

Some of the new drug will be used 
in diseases other than rheumatism ex- 
perimentally if the investigators be- 
lieve that the usefulness of the new 
treatment can be extended. 

The Academy committee, which 
wil! use the facilities of the National 
Research Council for its work, con- 
sists of Dr. Keefer as chairman and 
Dr. Hans T. Clarke of the College 
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of Physicians and Surgeons, New 
York, Dr. E. A. Doisy, St. Louis Uni- 
versity School of Medicine, Dr. 
Robert F. Loeb of the College of 
Physicians and Surgeons, New York, 
Dr. C. N. H. Long, Yale University 
School of Medicine, Dr. E. K. Mar- 
shall, Jr., of the Johns Hopkins Uni- 
versity School of Medicine, and Dr. 
Joseph T. Wearn of Lakeside Hos- 
pital, Cleveland, with Dr. David E. 
Price of the U. S. Public Health Ser- 
vice as liaison with that governmental 
agency. 

For many years there have been a 
great many scientists who have stud- 
ied the adrenal gland, its functions, 
its relations to other organs of the 
body. But the investigations were 
limited by the fact that there was 
never enough of the hormone avail- 
able to study its effect in an ade- 
quate manner in man. With the iso- 
lation and partial synthesis of Corti- 
sone and with the discovery that daily 
injections of this hormone will con- 
trol the symptoms of rheumatoid ar- 
thritis, new frontiers of investigation 
have been opened. It should be pos- 
sible to learn more concerning the 
usefulness of Cortisone in other dis- 
eases, its mechanism of action 
its possible untoward effects. 


and 


One of the great difficulties at pres- 
ent is the short supply of Cortisone. 
It is exceedingly difficult to manu- 
facture although every effort is be- 
ing made to produce large amounts 
of material so that the greatest good 
can follow its use. 


In this difficult period, when the 
supply is short, and information con- 
cerning the usefulness and dangers of 
Cortisone is lacking, the National 
Academy of Sciences Committee has 
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accepted the responsibility of allocat- 
ing small amounts of Cortisone for 
the purpose of defining more definite- 
ly its usefulness and its dangers. With 
the small amount of Cortisone avail- 
able it is impossible to carry on a 
therapeutic program. Activities must 
be restricted to research and investi- 
gation, that will yield the most scien- 
tific and the most useful information 
about Cortisone. This will include 
background problems as well as the 
study of specific diseases. 


In planning their research program, 
the Committee of the National Aca- 
demy of Sciences is utilizing to the 
fullest possible extent the resources 
of the National Research Council and 
the advice of experienced and com- 
petent investigators in the United 
States and Canada. Rheumatism and 
arthritis as well as other diseases for 
which relief may be anticipated will 
continue to be investigated, but more 
than that, aspects of physiology and 
pharmacology which are basic to full- 
er understanding of Cortisone will 
be studied. 

The Committee will receive appli- 
cations for Cortisone from institutions 
which have competent investigators 
who have had experience in the dif- 
ferent fields under study. Due to the 
fact that the supply of material is so 
small, and the program is primarily 
one of research, the Committee can- 
not handle individual requests for 
Cortisone. 


The outlook for an increased sup- 
ply of Cortisone for 1950 is good. 
From the investigational program of 
the next five months, it is hoped that 
information will emerge that will be 
of the highest value in advising the 
medical profession how they can best 
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use Cortisone for the alleviation of 
the greatest degree of suffering and 
the delay of deaths. 

It is quite plain from present in- 
dications that the supply of Cortisone 
that will become commercially avail- 
able within the next six months will 
be in no way equal to the specific 
demand. That is one of the most im- 
portant and compelling reasons for 
defining more accurately the useful- 
ness and dangers of Cortisone. How 
to get the greatest benefit to the larg- 
est number of people with available 
supplies of material is a most impor- 
tant consideration. 


New Source Hunted 


The supply of this hormone, pro- 
duced by Merck and Co. in what 
is called the most complex and dif- 
ficult chemical synthesis of commer- 
cial or medical value, is still ex- 
tremely small. Only a score or two 
of patients, who have to be given the 
drug every day, have been treated. 
The drug is of course priceless, but 
it costs at last $20 a day to sustain 
a patient with 100 milligrams of Cor- 
tisone which is valued at $200 to $400 
a gram. Next year production from 
ox bile (it takes 40 cattle to produce 
enough for one day’s treatment) will 
supply about 2,000 to 2,500 patients. 

That is the reason that there is an 
intensive search for new raw miaiter- 
ials for synthesizing this adrenal «or- 
tical hormone. That is why the U. S. 
Public Health Service is asking $1, 
750,000 in emergency money to speed 
the medical research and _ invest:ga- 
tion. 

There is official excitement’ over 
the fact that a vine, growing of which 
is illegal in Africa, has seeds ‘hat 
under certain conditions contain 4 
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substance, called 11-oxy-steroid, from 
which Cortisone can be made. This is 
true despite the fact that it may take 
years to explore, prove and cultivate 
the strophanthus plants whose seeds 
seem to substitute so conveniently for 
the bile of slaughtered cattle that is 
now the starting point of Cortisone 
synthesis. 

In 1915 Drs. Walter A. Jacobs and 
Michael Heidelberger of the Rocke- 
feller Institute in New York isolat- 
ed from the seeds of strophanthus a 
chemical substance they called sar- 
mentogenin. Cortisone’s chemical an- 
cestor, 20 steps closer to the final 
product than the bile acid starting 
point, was found to have the essen- 
tial chemical structure duplicated in 
the African seed chemical. Here then 
is a chance to produce the final hor- 
mone from a plant that could be 
cultivated like other crops with a 
supply independent of the demand 
or meat and the amount of cattle 
slaughtered. 


A strophanthus search is in prog- 
ress. A Swiss group under Prof. 
Tadeus Reichstein of Basle was in 
the field first, because they were 
looking for a plant source for sex 
hormones that mean so much to the 
happiness of the human race. They 
found the desired plants and seeds 
in Africa. But there are complications 
for there are about 30 species of 
strophanthus and only one, Strophan- 
thus sarmentosus, appears to produce 
the desired 11-oxy-steroid chemical 
grouping and then only under cer- 
tain growing conditions and at cer- 
tain times of seed growth. 

\ two-man expedition, Dr. John T. 
Baldwin of the U. S. Department of 
Agriculture and Dr. Erich Mosettig, 
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of the U. S. Public Health Service, 
are in Basle beginning to track down 
strophanthus. First checking up the 
Swiss work, which has actually pro- 
duced a smal amount of Cortisone 
from strophanthus, Dr. Baldwin will 
then collect plants, seeds and cuttings 
in the African area between Liberia 
and the Cameroons where the vine 
is supposed to grow best. 


Natives are prohibited from raising 
the vine because they have used it 
in making an arrow poison and in 
making a brew with which charged 
criminals were tried—usually to die 
of the powerful heart-stimulating 


glucocides in the potion they were 
forced to drink (not the same chemi- 
cals used for the Cortisone raw ma- 
terial). 


So Dr. Baldwin will be searching 
mountain tops and isolated areas for 
the illicit vines to be brought back 
to this country for the sake of medi- 
cine. Probably cultivation of the plant 
will be legalized under controlled 
conditions, just as poppies are raised 
for opium. 


Some years ago Dr. David Fair- 
child, sent back from Africa some 
strophanthus plants. All of them 
flowered but only one bore seeds. 
These plants are being studied anew. 


All plant and animal sources for 
steroid chemicals out of which Cor- 
tisone could be made are being 
sought. Chemists believe they can 
make the hormone out of mothballs 
and vinegar (naphthalene and acetic 
acid) but it would be a long and ex- 
pensive process. They would rather 
start with something upon which na- 
ture has already done most of the 
synthesizing. 
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Government Program Assures 
Liquid Fuel to Avoid Future Shortage 


Oil From Coal and Shale 


> Wuat would happen if the United 
States suddenly ran short of oil! Most 
of us had a little foretaste of it during 
the war when gasoline and oil were 
mildly rationed. Cars stood in the 
garages, homes. were chilly—if not 
cold, and transportation became a bit 
dificult all around. It is estimated 
that rationing saved only about a 
half million barrels of oil a day, com- 
pared to a total demand then of about 
four million barrels. This was not 
much, but it helped supply our armed 
forces and industry. 

Research and development work, 
now in progress, promises to tap new 
domestic sources for gasoline, oil, and 
lubricants to avoid any future short- 
ages. We can get our liquid fuels out 
of coal and oil shale if we need to. 
A great government development 
program is underway. 

Dr. W. C. Schroeder, Chief of the 
Office of Synthetic Liquid Fuels in 
the United States Bureau of Mines, 
described this program as a guest of 
Science Service Adventures in Science 
program over the Columbia Broad- 
casting System. 

In the absolute sense there is no 
danger of the United States running 
out of petroleum. However, our petro- 
leum reserves cannot continue to pro- 
vide indefinitely all the oil and gaso- 
line we need. We must be prepared 
to use other raw materials as sources 
of liquid fuels. 

Obviously, the daily oil production 
of the United States, now approxi- 
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mately 5 million barrels, will not 
vanish overnight. Too frequently, 
however, people obtain this idea when 
mention is made of today’s enormous 
demands depleting our petroleum re- 
serves. Apparently, the analogy drawn 
is that of a tank from which a full 
stream is taken until one hits bot- 
tom, stopping the flow abruptly. This 
is far from the truth when we speak 
of petroleum. 

After reaching a peak, oil produc- 
tion declines gradually over a period 
of years. Petroleum first becomes in- 
creasingly difficult to find. Deeper 
drilling becomes necessary, costs in- 
crease, and the fields discovered tend 
to contain smaller amounts of oil. The 
United States appears to be in this 
stage now, for discovery costs for new 
oil have increased 500 percent over 
prewar days. This is one of the first 
economic warning flags. 

Next, the prices of crude oil and 
products tend to rise over the a 
range. Short-term business conditions 
influence these prices, and they do not 
rise steadily but instead fluctuate up 
and down. Over a long period, how- 
ever, the general trend is strony! 
upward. This country may be in 
approaching this cycle now. Prices, 
turn, affect demand. If high, 
reduce demand to the point wh 
temporary surpluses appear. If | 
high, they can restrict the use of 
to the point where it has an adve 
effect on our economy. This reas: 
ing assumes that 90 percent or m« 
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o| the oil we use is coming from 
domestic sources. 

We now are importing oil. More 
and more oil is becoming available 
from foreign fields, and the United 
States is importing greater quantities. 
South America has relatively large oil 
reserves, but the Middle East is even 
more promising. Known reserves in 
the Persian Gulf area already are 
greater than those of the United 
States, even though fewer than a 
thousand wells have been drilled there 
as compared with more than a mil- 
lion in this country. The Middle East 
appears destined to become the oil 
center of the world. 

Foreign oil can have a material ef- 
fect on both the price and supply of 
oil in the United States. What we 
do about foreign oil happens to be a 
controversial question at this time. On 
one hand, importation can supplement 
and help conserve our own oil. On 
the other, it may discourage explora- 
tion and development in this country 
if it comes in at low cost and in large 
amounts. In the face of rising costs in 
the United States, this could become 
so serious that it would undermine 
our own industry — something we 
cannot permit. The uncertainty of 
foreign oil sources is a most serious 
disadvantage in time of emergency. 

In 1948 about half the heat and 
energy used in the United States 
came from oil and gas and the other 
half from coal. Yet, with respect to 
reserves, oil and natural gas consti- 
tute only about 4 or 5 percent of this 
country’s mineral fuel energy poten- 
tial while coal amounts to 95 per- 
cent. It obviously is good judgment 
to shift a greater proportion of the 
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demand burden to coal as rapidly as 
possible. 


The government’s synthetic liquid 
fuels research and development pro- 
gram is attempting to do just that. 
The new Coal to Oil Demonstration 
Plants at Louisiana, Mo. can produce 
a full range of liquid products from 
coal. First of their kind in this coun- 
try, they can make aviation gasoline, 
motor gasoline, Diesel oil, heating 
oil, and fuel oil—all from coal. Thes: 
products can be used in present-day 
motor cars, airplanes, tractors, oil 
burners, and all other such equipment 
without change or modification of 
the equipment itself. In addition, these 
plants will produce phenol, alcohol, 
and other valuable byproducts. 

.The capacity of the largest of the 
two is from 200 to 300 barrels daily, 
depending on the coal and catalyst 
used. A commercial-scale plant, as 
our engineers envision it, would pro- 
duce a minimum of some 10,000 bar- 
rels daily. 

Incorporating numerous innova- 
tions, these plants will demonstrate 
for private industry the respective 
merits of two basic processes for con- 
verting American coals to oil. First, 
the hydrogenation process, and_sec- 
ond, the gas synthesis process. These 
two processes are complementary rath- 
er than competitive, and each is best 
adapted to produce different products. 
For example, the hydrogenation pro- 
cess excels in the production of high- 
octane aviation gasoline and heavy 
fuel oils, whereas the gas synthesis 
process is the better of the two if 
motor gasoline is desired. Each has 
its own use. 

In these plants the Bureau of Mines 
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is fashioning a pattern of engineering 
and economic knowledge for the 
establishment of a new American in- 
dustry based on the conversion of coal 
to oil. Synthetic liquid fuels from coal 
offered an assured supply adequate 
for centuries from known reserves 
within the United States—self sufh- 
ciency, in short, for whatever the 
future holds. 


Gasoline, diesel and fuel oils, as 
well as other products from _petro- 
leum, can also be obtained from the 
nation’s great deposits of oil shale 
that the government has prospected 
and worked experimentally. Refined 
products, such as gasoline, diesel and 
fuel oils, can be made from coal and 
oil shale for as little as 8.4 to 12 cents 
a gallon. 


Excluding profit and interest on 
plant investment, gasoline can be 
produced from coal at costs ranging 
from nine to 12 cents per gallon. The 
cost of crude shale oil, again ex- 
cluding interest on investment and 
profit, is approximately $2 per bar- 
rel, and the liquid fuels refined from 
this crude would cost about 8.4 cents 
per gallon. 

Developments in mining and pro- 


cessing oil shale have been largely re 
sponsible for the low production cost 
of refined oil shale products. Mecha- 
nized mining has made high output 
possible. Progress in refining also has 
been substantial and from 75% to 
85% of the crude shale oil now can 
be economically converted into gaso- 
line, heating oil and diesel fuel. 
Shortages of gasoline and fuel oil, 
common during World War II and 
the immediate post-war period, are 
no longer a problem. In spite of high- 
level consumption, the petroleum in- 
dustry has raised production fast 
enough to overtake demand and even 
provide some excess of oil products. 


In less than a decade, however, 
shortages of domestic, petroleum can 
appear that would grow rapidly. 
There are four courses open to mect 
such shortages. They are the im- 
portation of oil, secondary recovery 
for present oil fields, development of 
tidelands oil and development of 
synthetic liquid fuels. Probably the 
most important of these is the de- 
velopment of synthetic liquid fuels. 
This would insure a supply inde- 
pendent of foreign sources and ade- 
quate for centuries. 


New Chemical For Nasal Inhalers 


> A new chemical compound has re- 
placed benzedrine in nasal inhalers 
used to relieve colds, hay fever, and 
sinusitis. 

Called Benzedrex, its discovery is 
credited to Dr. Glenn E. Ullyot, head 
chemist of Smith, Kline & French 
Laboratories. It has the advantage of 
being able to shrink the nasal mem- 
branes and thus relieve the conges- 
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tion in the nose. At the same time 
it does not stimulate the user the way 
benzedrine does. 


The search for this substitute chem- 
ical remedy grew from the reports of 
prisoners who removed the benze- 
drine-medicated paper from inside the 
containers to chew them or dunk 
them in beverages to get a “lift.” 
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For The Home Lab > 


Milk Products 


y Burton L. Hawk 


» Wirn tuts article, we shall make a 
omprehensive study of that remark- 
ible liquid: milk. From our childhood 
we remember that milk was practical- 
y the most important thing that ever 
existed. It built strong bones, it made 
us grow, it helped to prevent disease 
ind kept us healthy. The sad part of 
the story was that we hated the stuff! 
It could never compete with lemonade 
or Coca-Cola. 

Nevertheless, chemically speaking as 
well as biologically, milk is a remark- 
ible liquid. It can be considered as a 
solution, an emulsion, and colloidal 
suspension all in one. It is composed 
primarily of three parts: 

1. Water. Approximately 87 per cent 
of milk is water. 

2. Butterfat. The fat in milk varies, 
but is usually somewhere around 34 
per cent. It occurs in extremely tiny 
droplets which eventually come to the 
top of the liquid to form the familiar 
cream. When this substance is churned 
the droplets run together forming a 
solid mass which we know as butter. 
The fat in milk is composed of a mix- 
ture of the glycerides of the following 
fatty acids: butyric, caproic, caprylic, 
apric, lauric, mystristic, palmitic, stear- 
c and oleic. 

3. Solids Non-Fat. After the fat or 
‘ream is removed from milk, we have 
remaining a liquid (skim-milk) con- 
taining the so-called “Milk Solids Non- 
Fat.” These are further divided into 
three groups: 
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(a) Proteins. The proteins of milk 
occur in colloidal suspension and in- 
clude chiefly casein and albumin, or 
more technically, lactalbumin. Traces 
of other proteins such as lactoglobulin 
and fibrin are also found. 


(b) Mineral Matter. When the resi- 
due of dried milk is burned, a white 
powder or “ash” remains. This ash 
represents the mineral content of the 
milk and is known to contain the fol- 
lowing: potassium, sodium, calcium, 
magnesium, chlorine, sulfur and phos- 
phorus. In addition, traces of iron, cop- 
per, zinc, aluminum, manganese, io- 
dine, silicon, boron, titanium, vana- 
dium, rubidium, lithium, and stron- 
tium have been found. 


(c) Milk Sugar or Lactose. At last! 
This is the ingredient in which we are 
interested. 


Properties of Lactose 


Lactose is found only in milk. It has 
the same chemical formula as sucrose 
(cane sugar), C}2H22041, but is differ- 
ent in molecular construction. It is not 
nearly so sweet as sucrose; nor is it 
fermented by yeast. It is a white, crys- 
talline powder soluble in water and 
slightly soluble in alcohol. On hydroly- 
sis, it forms glucose and galactose. 
Preparation of Lactose 

First, prepare some sour milk by 
adding a few drops of dilute acetic 
acid to 100 cc. of warm skim milk 
(milk from which cream has been re- 
moved). Allow to stand for 30 min- 
utes to an hour. The milk wil! sepa- 
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rate into solid masses (curds) and a 
watery liquid (whey) — Little Miss 
Muffet’s favorite dish. 

Filter off the curds; neutralize the 
whey with calcium carbonate (precipi- 
tated chalk) and heat the neutral solu- 
tion to boiling. At this point, the lac- 
talbumin will separate out. Filter again 
to remove the albumin and excess cal- 
cium carbonate. The filtrate contains 
lactose and some mineral salts in solu- 
tion. Heat until the solution is reduced 
by half. Then add an equal quantity of 
alcohol. Stir the liquid thoroughly and 
filter again. Finally place in an evap- 
orating dish in a warm place. The lac- 
tose will crystallize out. Filter the crys- 
tals and wash with alcohol. 
Detection of Lactose 


Lactose reduces Fehling’s Solution 
forming a yellowish-red precipitate of 
cuprous oxide. Fehling’s Solution con- 
sists of two solutions—to be mixed im- 
mediately before using, as the mixed 
solution will deteriorate on standing. 
Solution A is prepared by dissolving 
1.5 g. copper sulfate in 50 cc. water. 
Solution B is prepared by dissolving 
8.5 g. sodium potassium tartrate (Ro- 
chelle salt) in 10 cc. warm water, add- 
ing a solution of 2.5 g. sodium hydrox- 
ide in 10 cc. water, and diluting with 
30 cc. of water. 


Or, you can use the more conveni- 
ent Benedict’s Solution which is only 
a single solution and does not deterior- 
ate on standing. It is prepared by dis- 
solving 10 g. of sodium citrate and 6 g. 
anhydrous sodium carbonate in 50 cc. 
of hot water. Add in small portions, 
stirring constantly, a solution of 1 g. 
copper sulfate in 10 cc. water. If the 
resultant solution is not perfectly clear, 


filter. 
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Dissolve a few crystals of lactose in 
5 cc. of water. Add this to 10 cc. of 
Benedict’s Solution or to 10 cc. of a 
mixed Fehling’s Solution, consisting 
of equal parts Solution A and Solution 
B. Heat gently to boiling. If lactose is 
present, and we assume it is, the solu- 
tion will gradually turn green, then 
yellow, and finally reddish brown. 


Casein 

With the memory of wartime food 
shortages still vivid in our minds, it is 
difficult to realize that less than a doz- 
en years ago, America was suffering 
from the plague of too much food! 
Foremost of these problems was the 
surplus milk situation. Cows had to 
be milked and farmers had to sell the 
milk to profit; but, the amount of milk 
that could be consumed was limited. 
Too much milk! The farmer was un 
happy because he was unable to mak« 
enough on his milk to cover the cost 
of feed. The creamery operator was 
unhappy because he had to operate at 
a loss; his employees were unhappy 
because they were underpaid. 

What to do with all the milk? To« 
much was being produced for human 
consumption. There was only one an 
swer. Find some other use for milk! 
Why coudn’t it be used for industrial 
purposes as well as food? 

Here the chemist entered the pic 
ture. It was well known to him tha 
when milk sours, a heavy precipitat: 
settles out. And he also knew that thi 
precipitate consisted chiefly of a pro 
tein called casein. Berzelius first iso 
lated it in 1812. In the manufacture o! 
condensed whey for animal feed, the 
creamery operator considered casein a 
nuisance and the greatest problem wa: 
how to dispose of it. 
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Perhaps this protein could be used 
x something! The chemist went to 
ork, and out of his test tubes, flasks 
nd retorts came miraculous substances 
1ade from casein. What can it be used 
or? Let’s investigate. 


As an adhesive: Powdered casein is 
uixed with water glass (sodium sili- 
ate solution). A very strong cement is 
ormed, 


As a cement: Powdered casein is 
mixed with twice its bulk of slaked 
ime and finely powdered sand. Water 
s added to desired consistency. The 
result is a tough cement which will 
stand moderate heat. Another cement 
for glass can be made by dissolving 
powdered casein in a concentrated 
solution of borax. 


As a paste: Casein is mixed with 
calcium tannate and made into paste 


with water. 


As a plastic: .The casein is treated 
with plasticizers, such as glycerol or 
tricresyl phosphate, under heat and 
pressure and the resultant mass hard- 
ened in formaldehyde. Many types of 
plastics are obtained with varied treat- 
ments of this sort and are used for but- 
tons, fountain pens, lamp shades, 
combs, cutlery handles, billiard balls, 
electrical insulations, as a substitute for 
ivory and for celluloid. 


As a paint: Casein paint leaves a 
coating that is washable, which gives it 
an advantage over other water paints. 
These paints contain casein and a pig- 
ment mixed with water. 


As an artificial wool: Casein is dis- 
solved in sodium hydroxide solution 
which is then forced through minute 
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nozzles into a coagulating bath con- 
sisting of acidulated formaldehyde 
solution. This “wool” has been suc- 
cessfully used as a substitute for rabbit 
fur in fur-felt hats. 


In addition casein is used for sizing 
paper, water-proofing, in the manu- 
facture of leather, in horticultural 
sprays, and as a filler or binder in 
certain foods. 


And this is only the beginning! 
More and more uses for casein are still 
being found. Indeed, there need be no 
further surplus of milk! 


Preparation 


Now that we know what we can do 
with casein, let’s concentrate on ob- 
taining it from milk. 


It requires about one quart of skim 
milk to make one-half ounce of dry 
casein. The milk, from which all 
cream has been removed, is heated to 
85°C. At this point dilute hydrochloric 
acid is added until precipitation ceases. 
The precipitate is separated either by 
filtration or decantation. Now it must 
be dried. This requires patience. The 
casein must not be heated too strongly, 
as it will be scorched. Stir frequently 
and use prolonged moderate heat. 
When dry, it is ground in a mortar. 


Casein can also be precipitated by 
adding rennet to the milk. The curd 
can be removed with a spoon and 


heated as above. 


** * 


Thus we have it again, the familiar 
story of the chemist converting the 
waste and surplus products into those 
of usefulness. 
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Your Bookshelf 


Basic Chemical Reference Books 


by JEANNE L. Hopson 


>To secin a chemical bookshelf or 
to enhance the value of one already 
started, here is a list of recent refer- 
ence works. 


> A coop, general reference book is 
M. Cannon Sneed’s and J. Lewis 
Maynard’s General Inorganic Chem- 
istry (Van Nostrand, 1942, $5.25). 
Here is found both basic knowledge, 
covering the entire field, and an abun- 
dance of information on the elements 
and their compounds. It is well arrang- 
ed and material can easily be found. 
>For orcanic chemistry, Ray Q. 
Brewster’s new book, Organic Chem- 
istry (Prentice-Hall, 1949, $6.) is con- 
cise and yet gives a general all around 
picture. 

> A soMEWHAT more advanced text 
is Organic Chemistry by Lewis F. 
and Mary Feiser (Heath, 1944, $8.). 
Although the latest edition came out 
in 1944, it is still looked upon by 
most organic chemists as the standard 
book in its field. It stores a wealth of 
information which is well indexed. 


> Frank H. MacDovuea.t’s Physical 
Chemistry (Macmillan, 1943, $5.00.) 
is a useful work, especially in his 
approach to the laws of thermodyna- 
mics. 


> For THoseE interested in analytical 
chemistry, there is an abundance of 
material from which to choose. Quan- 
titative Analysis by W. C. Pierce and 
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E. L. Haenisch (Wiley, 1948, 3rd ed.. 
$3.75.) is a basic text yet includes 
some advanced theory. It stresses stan 
dard technics and common analytical! 
procedures. 


> Louis J. Currman’s Introduction 
to Semimicro Qualitative Analysis 
(Macmillan, 1942, reprinted 1947, 
$3.75) is written primarily for a prac- 
tical course in qualitative analysis. It 
correlates theory and practice in the 
new small-scale type of experiments. 


> A spook that every chemist should 
have, or at least have access to, is 
The Handbook of Physics and Chem 
istry (Chemical Rubber Publishing 
Company, 1949, 31st ed., $6.) It com 
piles an immense amount of inform - 
tion. Especially valuable are the table 
of data on inorganic and organ‘c 
compounds. 


> Fritz Fiecer’s new book, Chemist’) 
of Specific, Selective and Sensitive Re- 
actions ( Academic Press, 1949, $13.50), 
is a handbook for analytical chemists. 
It also attempts to discover the regu- 
larities and rules that govern reav- 
tions. Translated by Ralph E. Oesper. 


> Nucvear Fission anp Atomic E»- 
erGy (Science Press, 1949, $5.00), W. 
E. Stephens, Editor, collects and an- 
notates the published literature on 
atomic energy. It is the result of a 
series of seminars on nuclear fission 
held in the Physics Department of the 
University of Pennsylvania in the fa | 
of 1945. 
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Dark Lines in the Spectrum 
Furnish Key to Other Worlds 


How Spectrum Lines Are Measured 


*® How tHe white light of the sun is 
broken up into a band of bright colors 
when it passes through a prism was 
first studied by Isaac Newton at the 
beginning of the eighteenth century. 
He learned that each of the colors so 
separated is pure monochromatic 
light. It is not broken into more colors 
by passing through a second prism 

By the time Bunsen and Kirchhoff, 
in 1860, published the description of 
their spectroscope, scientists were 
familiar with the idea that color is a 
property of the wave-length of the 
light that shows it. When their in- 
strument showed a spectrum made 
up of a series of bright lines of dif- 
ferent colors, when it was trained on 
colored light from chemicals heated 
in the Bunsen’ burner flame, these 


physicists recognized the bright lines 
as images of the slit reproduced in 
several kinds of monochromatic light. 

The ultimate puzzle was the source 
of these few distinct bands of pure 
light, each with its characteristic 
wave-length. The immediate problem 
was one of nomenclature. They need- 
ed a way to describe the spectra they 
saw. Fortunately, the means to do this 
had already been found. 

Some forty years earlier, Joseph 
von Fraunhofer, a skilled maker of 
optical instruments, had been repeat- 
ing Newton’s experiment. He let a 
small shaft of sunlight shine through 
a hole in the window shutter, caught 
and spread it into a spectrum by 
means of a glass prism, and examined 
this spectrum with a small telescope. 
Here is his account of what he saw. 


Dark Lines in the Spectrum 


The Fraunhofer Lines 

PRISMATIC AND D1IFFRACTION SPEc- 
tra, Memortis by Joseph von Fraun- 
hofer. Translated and edited by ]. S. 
Ames, Ph. D. Harper & Brothers, 
New York and London, 1898. 


Determination of the Refractive and 
the Dispersive Power of Different 
Kinds of Glass, with Reference to the 
Perfecting of Achromatic Telescopes. 
Denkschriften der Kéniglichen Aka- 
demie der Wissenschaften zu Miin- 


chen, V. 1817. 


> In THE window-shutter of a darken- 
ed room I made a narrow opening— 
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about 15 seconds broad and 36 min- 
utes high—and through this I allow- 
ed sunlight to fall on a prism of flint- 
glass which stood upon the theodo- 
lite described before. The theodolite 
was 24 feet from the window, and the 
angle of the prism was about 60°. The 
prism was so placed in front of the 
objective of the theodolite-telescope 
that the angle of incidence of the 
light was equal to the angle at which 
the beam emerged. I wished to see if 
in the color-image from sunlight there 
was a bright band similar to that ob- 
served in the color-image of lamp- 
light. 
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But instead of this I saw with the 
telescope an almost countless number 
of strong and weak vertical lines, 
which are, however, darker than the 
rest of the color-image; some appear- 
ed to be almost perfectly black. If the 
prism was turned so as to increase the 
angle of incidence, these lines vanish- 
ed; they disappear also if the angle of 
incidence is made smaller. For increas- 
ed angle of incidence, however, these 
lines become visible again if the tele- 
scope is made shorter; while, for a 
smaller angle of incidence, the eye- 
piece must be drawn out considerably 
in order to make the lines reappear. 
If the eye-piece was so placed that the 
lines in the red portion of the color- 
image could be plainly seen, then, in 
order to see the lines in the violet 
portion, it must be pushed in slight- 
ly. If the opening through which the 
light entered was made broader, the 
fine lines ceased to be clearly seen, and 


vanished entirely if the opening was 
made 40 seconds wide. If the opening 
was made one minute wide, even the 
broad lines could not be seen plainly. 


The distances apart of the lines, and 
all their relations to each other, re- 
mained unchanged, both when the 
width of the opening in the window- 
shutter was altered and when the dis- 
tance of the theodolite from the open- 
ing was changed. The prism could be 
of any kind of refractive material, and 
its angle might be large or small; yet 
the lines remained always visible, and 
only in proportion to the size of the 
color-image did they become stronger 
or weaker, and therefore were observed 
more easily or with more difficulty. 


The relations of these lines and 
streaks among themselves appeared to 
be the same with every refracting 
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substance; so that, for instance, one 
particular band is found in every case 
only in the blue; another is found 
only in the red; and one can, there- 
fore, at once recognize which line he 
is observing. These lines can be recog- 
nized also in the spectra formed by 
both the ordinary and extra-ordinary 
rays of Iceland spar. The strongest 
lines do not in any way mark the 
limits of the various colors; there is 
almost always the same color on 
both sides of a line, and the passage 
from one color into another cannot be 
noted. 


With reference to these lines the 
color-image is as shown*. It is, how- 
ever, impossible to show on this scale 
all the lines and their intensities. 
(The red end of the color-image is 
the neighborhood of A; the violet 
end is near I). It is, however, impos- 
sible to set a definite limit at either 
end, although it is easier at the red 
than at the violet. Direct sunlight, or 
sunlight reflected by a mirror seems to 
have its limits, on the one hand, 
somewhere between G and H;: on 
the other, at B; yet with sunlight of 
great intensity the color-image be- 
comes half again as long. In order, 
however, to see this great spreading- 
out of the spectrum, the light from 
the space between C and G must be 
prevented from entering the eye, b 
cause the impression which the light 
from the extremities of the color- 
image makes upon the eye is very 
weak, and is destroyed by the rest of 
the light. 


* Fraunhofer's diagram, on which hele - 
tered the regions showing the prominet 
dark lines, has been omitted here in favor 
of the Angstrom plates. Fraunhofer’s le'- 
ters have been retained by later spectr.- 
scopists to denote line groups, and are 
shown above Angstrom’s drawings. 
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At A there is easily recognized 
sharply defined line; yet this is not 
the limit of the red color, for it pro- 

"ds much beyond. At A there are 

heaped together many lines which 
form a band; B is sharply defined 
and is of noticeable thickness. In the 
space between B and C there can be 
counted nine very fine, sharply de- 
fined lines. The line C is of consid- 
erable strength, and, like B, is very 
black. In the space between C and 
D) there can be counted 30 very fine 
lines; but these (with two exceptions), 
like those between B and C, can be 
plainly seen only with strong magni- 
fication or with prisms which have 
great dispersion; they are, moreover, 
very sharply defined. D consists of 
two strong lines which are separated 
by a bright line. Between D and E 
there can be counted some 8¢4 lines of 
varying intensities. E itself consists of 
several lines, of which the one in the 
middle is somewhat stronger than the 
rest. Between E and B are about 24 
lines. At B there are 3 very strong 
lines, two of which are separated by 
only a narrow bright line; they are 
among the strongest lines in the 
spectrum. In the space between B 
and F there can be counted about 52 
lines; F is fairly strong. Between F 
and G there are about 185 lines of 
different strength. At G there are 
massed together many lines, among 

hich several are distinguished by 
ir intensity. In the space between 
and H there are about 190 lines, 
whose intensities differ greatly. The 
two bands at H are most remarkable; 
they are almost exactly equal, and 
each consists of many lines; in the 
middle of each there is a strong line 


ich is very black. From H to I 
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the lines are equally numerous. In 
the space between B and H there 
can be counted, therefore, about 574 
lines, of which only the strong ones 
appear on the drawing. The distances 
apart of the strongest lines were mea- 
sured by the theodolite and trans- 
ferred according to scale directly to 
the drawing; the weakest lines, how- 
ever, were drawn in, without exact 
measurement, simply as they were 
seen in the color-image. 

I have convinced myself by many 
experiments and by varying the meth- 
ods that these lines and bands are 
due to the nature of sunlight, and do 
not arise from diffraction, illusion, 
etc. If the light from a lamp is al- 
lowed to pass through the same nar- 
row opening in the window-shutter, 
none of these lines are observed, only 
the bright line R, which, however, 
comes exactly in the same place as the 
line D, so that the indices of refrac- 
tion of the rays D and R are the same. 


Light From the Stars 


I applied this form of apparatus at 
night-time to observe Venus directly, 
without making the light pass s through 
a small opening; and I discovered in 
the spectrum of this light the same 
lines as those which appear in sun- 
light. Since, however, the light from 
Venus is feeble in comparison with 
sunlight reflected from a mirror, the 
intensity of the violet and the extreme 
red rays is very weak; and on this ac- 
count even the stronger lines in both 
these colors are recognized only with 
difficulty, but in the other colors 
they are very easily distinguished. I 
have seen the lines D, E, B, F per- 
fectly defined, and have even recog- 
nized that B consists of two lines, 
one weak and one strong; but the fact 
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that the stronger one itself consists 
of two I could not verify owing to 
lack of light. For the same reason the 
other finer lines could not be distin- 
guished satisfactorily. I have con- 
vinced myself by an approximate 
measurement of the arcs DE and EF 
that the light from Venus is in this 
respect of the same nature as sunlight. 


With this same apparatus I made 
observations also on the light of some 
fixed stars of the first magnitude. 
Since, however, the light of these 
stars is much weaker than that of 
Venus, it is natural that the bright- 
ness of the spectrum should be much 
less. In spite of this I have seen with 
certainty in the spectrum of Sirius 
three broad bands which appear to 
have no connection with those of sun- 
light; one of these bands is in the 
green, two are in the blue. In the 
spectra of other fixed stars of the 
first magnitude one can recognize 
bands; yet these stars, with respect to 
these bands, seem to differ among 
themselves. 


Since the objective of the telescope 
has an aperture of only 13 lines,! 
it is clear that these observations can 
be repeated with much greater ac- 
curacy. I intend to repeat them with 
suitable alterations, and with a larg- 
er objective, in order to induce, per- 
haps, some skilled investigator to con- 
tinue the experiments. Such a con- 
tinuation is all the more to be desired, 
because the experiments would serve 
at the same time for the accurate com- 
parison of the refracted light of the 
fixed stars with that of sunlight. 


The light of electricity is, with re- 
spect to these lines and bands, mark- 


1 (1 centimeter equals 4.43296 lines.) 


edly different from sunlight, and also 
from the light of flames. Several lines 
are found in the spectrum of this 
light; some are very bright, and 
among these one in the green is al- 
most dazzingly bright in comparison 
with the rest of the spectrum. There 
is another line in the orange which 
is not quite so bright; it appears to 
have the same color as the bright line 
in the spectrum of lamplight. If, 
however, the angle of refraction is 
measured, it is found that its light is 
refracted much more—about as much 
as the yellow rays of lamplight. Near 
the red end of the spectrum there is 
a line which is not very bright; its 
light is refracted, so far as I could be 
sure, exactly the same as that of the 
bright line of lamplight. In the rest of 
the spectrum four other lines can be 
recognized easily.” 

If lamplight is allowed to pass 
through a very narrow opening of 
15 to 30 seconds’ width and then to 
fall upon a strongly dispersive prism 
placed in front of a telescope, it is 
seen that the reddish—yellow bright 
line of this spectrum consists of two 
very fine bright lines which in in- 
tensity and distance apart are like 
the two dark lines D. But, regardless 
of the width of the slit, if the point 
of the flame and the lower blue end 
are covered, and so only the brightest 
portion of the flame exposed, the 
reddish-yellow lines of the spectru 
appear less bright, and therefore ; 
recognized with more difficulty. 
These lines, consequently, seem to | 

*In order to use the electric ligh 
placed two conductors one-half an inc 
apart, one being joined to an electri < 
machine, the other to the earth, and c 
nected them with a fine glass fibre. 71 
light then appeared to pass continuou 


over the fibre, and the latter formec 
fine luminous line. 
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Anostrom described his plates (the original six here combined into three) 
the following words: “In order that the micrometric measures, described 
1 the preceding pages, might be more accessible and that the reader could 


re easily find in the solar spectrum the Fraunhofer lines measured by me, I 
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have constructed an Atlas bearing the title Normal Spectrum of the Sun, which 
accompanies this memoir. This Atlas contains six tables, in which have be 
drawn, with the greatest possible care, the spectrum lines from ato H. \ 
Thalén, who has very kindly helped me in this work, has made the drawin 
after the wave-lengths furnished by me; moreover, he has sought, as far 
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possible, to indicate the relative intensity of the different rays. The upper edge 
of cach part of the spectrum drawn is furnished with a millimeter scale per- 
mitting measurement of the wave-length of the individual lines of the spec- 
trum to about one hundred-millionth of a millimeter.” Angstrém’s method of 
fit:ing the lines of the spectrum to the millimeter scale has continued standard. 
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formed mainly by the light from the 
ends of the flame, especially by that 
from the lower one. 

In the spectrum of the light caus- 
ed by the combustion of hydrogen 
and alcohol, the reddish-green line is 
very bright in comparison with the 
other portions. When sulphur is burn- 
ed it is seen with great difficulty. 

I intend to repeat these experiments 
which have reference to the perfect- 
ing of achromatic telescopes, using a 
new instrument by means of which I 
hove to obtain at least twice the ac- 
curacy. I shall be able also to make 


new experiments with this instrument 
for which my present one is not 
adapted, and which will be of inter- 
est perhaps for practical optics. 

In all my experiments I could, ow- 
ing to lack of time, pay attention only 
to those matters which appeared to 
have a bearing upon practical optics. 
I could either not touch other ques- 
tions, or at most not follow them very 
far. Since the path thus traced in op- 
tical experiments seems to promise to 
lead to interesting results, it is great- 
ly to be desired that skilled investiga- 
tors should devote attention to it. 


Measurement of the Lines 


Wave-Lengths of the Lines 

> TH MODERN reader can recognize 
in Fraunhofer’s descriptions of the 
double line at D the widespread 


presence of sodium, and can see that 
Fraunhofer himself had begun to 


suspect that the bright lines of the 
lamp flame and the dark lines of the 
solar spectrum were in some way 
identical. After the discoveries quot- 
ed above, their author improved his 
apparatus by substituting a diffraction 
grating for the prism, and got a ser- 
ies cf spectra of higher orders. 

By the aid of a diffraction grating 
apparatus, Prof. A. J. Angstrém of 
Upsala, Sweden, a generation later 
undertook the task of carrying on 
spectrum studies that Fraunhofer had 
left to his successors. Angstrém pro- 
vided the scale of measurement that 
was needed for locating spectral lines, 
and defined those lines in terms of 
their positions and wave-lengths. His 
Atlas of spectrum lines is here repro- 
duced. The subdivision of the metric 
system in which light waves are 
measured is called by his name. 
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In 1853, Angstrém formulated the 
secret of the Fraunhofer lines as fol- 
lows: “A gas in the state of incan- 
descence emits luminous rays of the 
same refrangibility as those which it 
is able to absorb.” 


The following quotation from Ang- 
strom’s book (composed in Swedish, 
written in French, published in Ger- 
many!) tells how he plotted and iden- 
tified a number of spectrum lines, and 
applied this information to the study 
ot the sun. 


Description of the Atlas 


RECHARCHES SUR LE SPECTRE 50- 
LairE par A. ]. Angstrém, Projes- 
seur de Physique a l'Université d'U p- 
sal. Spectre Normal du Soleil. Ailas 
de Six Planches. Upsal, 1868, Ber!in 
1869. Translated for Cuemistry /y 
Helen M. Davis. 
>So THat the micrometric measu:¢ 
ments, described in the preced 
pages, might be more accessible a 
that the reader could find easily 
the solar spectrum the Fraunho 
lines that I have measured, I hi 
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constructed an Atlas bearing the title: 
No-mal spectrum of the sun, which 
acc mpanies this Memoir. This Atlas 
contains six plates, on which have 
been drawn, with the greatest possible 
care, the spectral lines from @ through 
H. Mr. Thalén, who has been kind 
encugh to assist me in this work, has 
made the drawings after the wave- 
leneths I have given him; moreover, 
he has tried, as far as possible, to in- 
dicate the relative intensity of the dif- 
ferent lines. 


The upper margin of that part of 
the spectrum portrayed is furnished 
with a millimeter scale allowing meas- 
urement of the wave-length of in- 
dividual rays of the spectrum to near- 
ly one hundred-millionth of a milli- 
meter. Since one division of the scale 
corresponds to one ten-millionth of a 
millimeter of wave-length, this scale 
w:ll give us immediately, if we omit 
the three zeros which follow the deci- 
mal point, the first four decimal fig- 
ures, and we can get, besides the fifth 
figure by estimation of tenths of a 
millimeter. Our diagrams thus enjoy 
almost the same accuracy as the meas- 
urements themselves. To be strictly 
truthful, some errors, amounting to a 
tenth and sometimes to two tenths of 
a n:illimeter, have slipped into the en- 
graving, but the measurements them- 
selves of weak lines being doubtful in 
the order of that amount, it is believ- 
ed that these errors are practically in- 
significant. 


‘lo guide the engraver in respect to 
the relative intensity of the lines, I 


have numbered them from one to 
nine, with the exception of the strong- 
est lines, such as C, D, F, 6; and 
some others. These determinations, 
necessarily approximate, are based 
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principally as far as that part of spec- 
trum situated between a and F is con- 
cerned, upon direct measurements, 
but for that part remaining between 
F and H, they follow the drawings of 
Messrs. Hoffmann and Thalén. 


All the lines shown on my plates 
between C and 4, have been measured 
directly; their number is a little great- 
er on my plates than those given on 
the corresponding plates of Mr. Kirch- 
hoff. Toward the violet end of the 
spectrum, the observed lines are, on 
the other hand, less numerous, owing 
to the weak dispersion in this region. 
Nevertheless, to give this portion of 
the spectrum as perfect a correspon- 
dence with nature as possible, I was 
obliged to put in here some lines 
whose wave-length I have not been 
able to measure directly. However, I 
have tried to introduce as completely 
as possible into my plates all the 
known lines of substances which, by 
meats of spectral analysis, have been 
proved to have real existence in the 
atmosphere of the sun. I shall add 
finally that certain lines have been 
drawn as being double, conforming 
to their appearance in the refraction 
spectrum, although in that of dif- 
fraction, it is not possible to recognize 
them in that form. This is the case, 
for example, with the double lines to 
be found to the right of the line B. 


I have shown also upon the plates 
the origin of each line and its corres- 
pondence with the lines of metallic 
spectra, because these facts have been 
determined by researches that we have 
made, Mr. Thalén and I, whether to- 
gether or each on his own account. In 
this connection, I ought to state that 
all the researches on titanium and its 
existence in the atmosphere of the sun 
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are due exclusively to Mr. Thalén, 
who has written in the preface to his 
Memoir, cited above, upon the wave- 
lengths of the metallic spectra. 

Ic goes without saying that I have 
profited also by the plates of spectra 
published several years ago by Messrs. 
Kirchoff and Hoffmann. 

Finally, to make known the num- 
ber of lines indicated on my plates as 
derived from known substances, I 
have summed them up in the follow- 
inz table: 

Number 

Substances of lines 
Hydrogen 4 
Sodium 9 
Barium 1] 
Calcium 75 
Magnesium 4+(3?) 
Aluminium 2(?) 
Iron 450 
Manganese 57 
Chromium 18 
Cobalt 19 
Nickel 33 
Zinc 2(?) 
Copper 7 
Titanium 118* 


* The number of lines of titanium en- 
tered on my plates is many less than that 
given by Mr. Thalén, whose count reaches 
200. The reason for this is: Ist. that my 
plate E-F was already engraved before he 
had finished his researches on this metal, 
and: 2nd, thet many of the lines of the 
solar spectrum which actually correspond 
to the titanium lines are so weak that 
they can only be distinguished in excep- 
tional cases of purity and of dispersion 
of the solar spectrum. 


The total number of these lines 
comes to about 800, which number 
coul| easily be increased consider- 
ably by using apparatus of greater 
energy to bring the substances to the 
state of incandescence*. Nevertheless, 
the number already found is suffi- 
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cient, it appears, to explain the origin 
of nearly all the strong lines of the 
solar spectrum and thus confirms the 
opinion, which I stated in a former 
work, that the substances actually 
making up the mass of the sun are 
without doubt the same as those of 
the earth. We must not, however, for- 
get to state that there actually exist 
between F and G, about in the 
middle, some strong lines whose ori- 
gin is unknown to me; but, the con- 
clusions which might be drawn in 
favor of solar substances unknown on 
our globe, would certainly be pre- 
mature. Nevertheless, we note a cur- 
ious fact, that the strongest of the 
unknown lines coincides with a strong 
line of bromine; but the lines of 
chlorine having no correspondence 
with the Fraunhofer lines, it is not 
probable that this coincidence occurs 
on account of bromine. 

Aluminium possesses certain bril- 


liant lines in many parts of the spec- 
trum, but the lines situated between 
the two at H are the only ones which 


seem to coincide with Fraunhofer 
lines. To explain this singular pheno- 
menon, it is necessary to say that the 
violet lines appear as the strongest in 
the spectrum of this metal. Like the 
yellow lines of sodium, these two 
lines of aluminium sometimes show 
absorption phenomena in that a black 
line appears in the middle of each of 
them, which proves the great inten- 
sity of the said line. In observing the 
ultra-violet lines of this metal, it 
ought to be determined whether ‘he 
two lines mentioned above coinc de 
or not with Fraunhofer lines; for. if 
my supposition is true, the ultra-vi: | 
*This is only in working with i 


manganese and calcium, which requi! 
voltaic pile of 50 couples. 
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lines ought also to coincide with dark 
lines in the solar spectrum. 

T» two lines of zinc which I have 
shown on my plates as coincident with 
Fraunhofer lines, it is necessary to 
add a third, situated at 4809.7; but, in 
respect to two lines, very large and 
very strong, of a nebulous appearance, 
no correspondence is visible; hence, 
the presence of zinc in the sun seems 
to me very doubtful. I will say, how- 
ver, that there are three lines of mag- 
nesium, of the same nebulous appear- 
ance, which have no more correspon- 
lence with Fraunhofer lines, yet the 
presence of that substance in the sun 
allows not the least doubt. 


Among all the substances, iron 
surely produces the greatest number 
of lines in the solar spectrum, show- 
ng two maxima, of which one oc- 
curs near E, and the other near G. 
Some appear to be common to those 
of calcium, but such a coincidence of 
lines of different metals is only ap- 
parent. To give an example, I shall 
mention the strong line of iron be- 
tween E and 4, whose wave-length is 
5226, and which has been drawn as a 
simple line on Mr. Kirchhoff’s plates 
and on mine. Nevertheless, as Mr. 
Thalén proved by strongly increasing 
the dispersion by using six prisms of 
flint glass, of 60°, that line is actual- 
ly triple, and the lines which make it 
up, when separated are one from iron 
and one of the others from titanium. 


Among the metalloids, hydrogen is 
the only one which spectral analysis 
has been able to show as belonging to 
the sun, so that the other substances, 
such as oxygen, nitrogen and carbon, 
which exist in such great quantities 
on the earth, have never been able 


t 


to be discovered in the sun by this 
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means. To show clearly the impos- 
sibility of spectrum analysis for oxy- 
gen and nitrogen, I have marked be- 
low the solar spectrum the principal 
lines of the electric spectrum of the 
air, and it will be seen from this that 
there are no coincidences between the 
lines of the two spectra.* 

In spite of the almost complete 
lack of coincidences between the lines 
of the solar spectrum, on the one 
hand, and those of oxygen and ni- 
trogen, on the other, it cannot be 
correct to pronounce definitely upon 
the total absence of these two sub- 
stances in the sun. Here is the rea- 
son: the spectrum of the air can be 
produced only between the carbon 
electrodes of a voltaic pile of 50 
couples, and in general it does not ap- 
pear if the electricity propagates it- 
self, so to speak, electrolytically. The 
spectrum necessarily appears with the 
appearance of a disruptive discharge, 
as we evidently prove in experiments 
with the Geisler tube, containing 
these two gaseous substances. 

In fact, in so far as the discharge is 
accompanied by electrolysis, the spec- 
tra obtained from rarified air ap- 
proach those of the substances com- 
posing it, and therefore it is quite 
improper to call them, with Pliicker, 
spectra of the first order; on the con- 
trary, by using the condenser, the dis- 
charge immediately becomes disrup- 
tive and we get, at the same time, the 


‘There is a further practical and very 
useful application which can be made of 
this spectrum of the air. In the same way 
that the wave-lengths uf the metallic lines 
can be determined by registering them in 
the normal spectrum, it is possible to 
reach the same result by aid of the spec- 
trum of the air, although certainly with 
less accuracy in the latter case. For this 
purpose it is only necessary to know the 
wave-lengths comprising this last spec- 
trum, which the plates above mentioned 
give with sufficient accuracy. 
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spectra of the elementary bodies, that 
is to say, the ordinary spectrum of 
air. This fact, very important indeed 
in the true interpretation of the spec- 
tra of the sun and the stars®, shows 
us that it is very probable that the 
high temperature of the sun is not 
sufficient to produce the bright lines 
of oxygen and nitrogen, and conse- 
quently even supposing that these 
substances exist in the sun, they 
would not give rise to dark lines in 
the solar spectrum, just as the actual 
existence of these substances in the 
terrestrial atmosphere does not give 
rise to them as telluric lines. 


The observations on total eclipses of 
the sun, and in particular those which 
have recently been made by Messrs. 
Janssen and Rayet, have proved two 
facts: Ist that the luminous surface of 
that star is immediately surrounded 
by heavy gas which, constituting the 
so-called protuberances, gives rise to 
a spectrum of brilliant lines; 2nd that 
this is surrounded on the outside, at 
a considerable height, by the corona 
whose light, polarized and giving a 
continuous spectrum, comprises the 
photosphere of the sun itself. This be- 
ing admitted, and supposing that this 
corona contains the terrestrial ele- 
ments, it seems to me that we cannot 


do otherwise than admit nitrogen, 


oxygen and hydrogen with the others. 
* . * 


This is the second of a series of ar- 
ticles describing the data we get di- 
rectly from the atom. In the Septem- 
ber issue of CHEMISTRY, Bunsen and 
Kirchhoff's description of their spec. 
troscope gave the key to atomic mes- 
sages. These are revealed in the 
bright-line spectra characteristic of the 
chemical elements. If you have built a 
spectroscope, you can photograph the 
spectrum of reflected sunlight and 
identify the Fraunhofer lines and the 
elements to which some of the lines 
correspond, using Angstrém’s plates 
They are reproduced here on a re- 
duced scale, but the measurements 
are marked. Direct messages thus re- 
veal the constitution of the sun, and 
open the way to chemical analysis of 
the farthest galaxies of stars. As the 
next step in this series, it will be 
shown how these atomic vibrations 
bring data about the minute and 
hidden region from which they come 

° After the memorable discovery by Mr 
Huggins, that one of the three bright lines 
found in the spectra of the nebulae co- 
incides with the strong greenish line of 
nitrogen. But this line is double, and the 
distence of the two components is three 
units of ten-millionths of a millimeter; it 
seems therefore that it ought to be pos- 
sible to confirm this same doubling in the 


corresponding line of the nebuler spec- 
trum. 


New Nitrogen Isotope Discovered 


> Discovery of a new kind of nitro- 
gen, one of the commonest of the 
chemical elements, has been made by 
Dr. Luis W. Alvarez of the Univer- 
sity of California’s Radiation Labora- 
tory. 

It is mass 12, contrasted with mass 
14 nitrogen which exists in greatest 
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abundance in the air we breathe. The 
new isotope is manufactured by bom- 
barding carbon with high energy pro- 
tons from an atom-smashing linear 
accelerator. The new nitrogen 12 | ves 
only a fleeting instant, a mere dozen 
thousands of a second of half-life. be- 
fore disintegrating. 
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Novel Use of Magnetism 
Applied in New Patent 


Gold by Magnetic Separation 


> GoLD AND sitver can be pulled 
wt of hitherto unworkable low-grade 
ores by means of invisible iron 
handles, in a process on which U. S. 
patent 2,479,930 has been granted to 
Earl C. Herkenhoff and Norman 
Hedley of Stamford, Conn., assignors 

the American Cyanamid Company. 


Concentration of practically all 
precious metals out of their ores be- 
gins with getting them into a cya- 
vide solution. This is followed, in the 
case of high-grade ores, with precipi- 
tation on finely divided zinc. With 
some low-grade ores, finely divided 
activated carbon is used instead, fol- 
lowed in turn by a flotation treat- 
ment. Flotation is troublesome, how- 
ever, and appreciable losses are en- 
tailed. 


Messrs. Herkenhoff and Hedley 
obviate this handicap by rendering 
their carbon magnetic, either through 
the incorporation of ground magne- 
tite or by impregnation with an iron 
salt which is subsequently reduced, 
leaving pure iron in the pores. After 
the carbon has absorbed the dissolv- 
ed gold, it is separated out by fam- 
liar commercial magnetic means. 
Much larger carbon particles can be 
used, with corresponding reductions 
in losses. 


The inventors describe their method 
in the following account. 


This invention relates to an im- 
proved process for recovering precious 
metals by cyanidation, and more par- 
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ticularly to the treatment of 


slimy gold ores. 


Very 


Cyanidation is one of the most im- 
portant ore dressing methods used 
in the recovery of precious metals, 
such as gold and silver, from ores 
containing them. In the ordinary cy- 
anidation process the finely divided 
ore is treated with a solution of 
cyanide, such as sodium or calcium 
cyanide, in the presence of lime and 
oxygen to dissolve the precious me- 
tals in the form of their soluble double 
cyanides. The solution thus obtained, 
which is known as the pregnant 
solution, is then filtered from the ore 
pulp and the precious metals precipi- 
tated by the use of finely divided zinc, 
followed by a second filtration. The 
zinc precipitation method has been 
developed to a very high state of 
metallurgical efficiency. In fact, it is 
so efficient that it will precipitate 
almost 100% of the dissolved precious 
metal cyanides. 


The standard cyanidation process 
using zinc as a precipitant requires 
as an essential step a filtration or con- 


tinuous counter-current decantation 
washing of the pregnant solution 
from the ore pulp. These steps con- 
stitute limiting factors on the type of 
ore. Low grade precious metal ores 
which may contain extremely small 
amounts of gold must be treated eco- 
nomically or the precious metal values 
will not repay the cost of treatment. 
Therefore, low-grade slimy ores, such 
as for example, the so-called saprolites, 
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have not been considered hitherto 
economically treatable by the ordi- 
nary cyanidation procedure using 
zinc precipitation, because the sticky 
slimes of these ores impose such a 
load on the filters that the filtration 
step cannot be carried out economical- 
ly. Theoretically the continuous coun- 
ter-current decantation method of 
treatment may be applied to slimy 
ores but ordinarily it requires a very 
high capital outlay for many units of 
equipment, and even then must some- 
times be followed by some method of 
filtering in order to recover gold in 
solution. 


Various attempts have been made 
to render the low grade precious 
metal ores amenable to cyanidation. 
Of these attempts, the only one which 
has been at all successful uses acti- 
vated carbon as a precipitant and then 
removes the activated carbon from 
the ore pulp with the precipitated pre- 
cious metal values in the pores of the 
carbon. The carbon can be used for 
precipitation without first filtering the 
ore pulp to produce a clear solution, 
which is required in the zinc process. 
However, the activated carbon preci- 
pitation process, while it has opened 
up some types of ore to cyanidation 
which were hitherto untreatable by 
the zinc precipitation process, is by no 
means ideal and has serious draw- 
backs. These drawbacks arise large- 
ly from the method which has hither- 
to been used in removing the precious 
metal bearing carbon from the ore 
pulp. The process employed involves 
froth flotation in the presence of a 
collector for carbon, such as hydro- 
carbon oils. It is possible to obtain a 
reasonably high recovery of precious 
metal by this method, but usually at 
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a very serious sacrifice in grade of the 
flotation concentrate due to contami- 
nation with readily-floatable gangue 
slime and, in some cases, with bar. 
ren sulfides. It should be remembered 
that this flotation concentrate must 
then be dewatered, which is made 
difficult by the high slime content, 
and then processed, usually by pyro- 
metallurgical methods, in order to re- 
cover the precious metals. A fairly 
high grade of concentrate is necessary 
in order to keep costs and losses down 
Unfortunately, the carbon precipita. 
tion process followed by flotation re- 
sults in a low grade of concentrate and 
quite often the recovery of the loaded 
carbon is not complete, resulting in 
residue losses. Another serious draw- 
back lies in the fact that flotation te- 
quires a small size of carbon particle. 
As a result, the concentrate contains 
relatively finely divided carbon which, 
in pyrometallurgical processes, in- 
creases the mechanical dust loss when 
the carbon is smelted. Still another 
objection is that the collectors employ- 
ed for flotation of the carbon tend 
greatly to reduce the activity of the 
carbon and make it unfit for further 
precipitation if cycling or counter- 
current flow of the carbon is employ- 


ed. 


In spite of the above drawbacks 
cyanidation processes using activated 
carbon as the precipitant represent an 
important advance in the treatment 
of certain precious metal ores or ‘rac- 
tions thereof. They are, however, «om- 
promises, leaving much to be des.red, 
and of course the drawbacks of the 
process, which are reflected in higher 
costs, correspondingly restrict the : ield 
of applicability of the process. Cer ‘ain 
slimy low-grade ores cannot be °co- 
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nomically treated even with ordinary 
activated carbon precipitation meth- 


ods. 


The present invention constitutes 
an improvement in the activated car- 
bon precipitation process which re- 
moves the major drawbacks, permit- 
ting metallurgy which, under favor- 
able circumstances, is substantially as 
good as that obtained by zinc pre- 
cipitation, and at the same time re- 
covers a high grade product which 
can be effectively treated by ordinary 
metallurgical processes without ex- 
cessive loss. Essentially, the present in- 
vention employs activated carbon in 
which sufficient magnetic material, 
uch as finely divided iron, ferro- 
illoys, magnetite, or the like has 
‘een incorporated so that the carbon 
particles are sufficiently magnetic to 
permit recovery on ordinary magnetic 
separators. 


The process of the present inven- 
tion has many advantages over the 
known activated carbon precipitating 
processes in which recovery was ef- 
fected by froth flotation. In the first 
place, the ratio of concentration is 
much higher, often producing 314 
umes as high a grade. Secondly, mag- 
netic separation is one of the most 
positive, rapid and cheap recovery 
procedures, using contact equipment, 
and requiring a minimum of labor 
and power cost, and the treatment 
does not affect the activity of the car- 
bon. A further advantage of the pro- 
cess of the present invention lies in the 
fact that it is mot necessary to use 
such finely divided carbon. Magnetic 
eparation is just as effective on large 
carbon particles as on those of flo- 
tation size. This introduces a further 
kconomy, since it is not necessary to 
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crush and size the carbon carefully 
and dust losses from excessive 
amounts of fines are eliminated or 
greatly reduced. At the same time the 
use of larger carbon particles has 
been found to involve no correspond- 
ing decrease in efficiency of precipi- 
tation. Still another advantage is that 
the density of the carbon particles is 
increased and this tends to eliminate 
possible short circuiting of the carbon 
at the surface of the pulp and allows 
hetter mixing with the pulp. 

The magnetic activated carbon of 
the present invention may be prepared 
by various means. For example, the 
activated carbon may be prepared and 
then treated with a finely divided 
magnetic solid such as fine magnetite, 
for example, magnetic concentrates, 
using a suitable binder to cause the 
magnetic particles to adhere to the 
carbon particles. Any binder which is 
not affected by the cyanidation pro- 
cedure and does not interfere with 
precipitation may be used, and the 
present invention is in no sense limit- 
ed to the use of any particular binder. 
Sodium silicate, however, is preferred, 
as it is one of the most effective bind- 
ers, and at the same time very cheap. 
After the magnetic material has been 
incorporated in the activated carbon 
the product is normally dried at a 
temperature not greatly exceeding the 
boiling point of water, and reactivat- 
ed by heating to the customary high 
temperature for a short period of time. 

Another method of incorporating 
magnetic particles in the carbon is to 
impregnate the carbon with a solu- 
tion of an iron salt, which is then 
treated with a reducing agent in order 
to reduce the salt to metallic iron. 

A third method is to produce mag- 
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netic iron oxide in the carbon by de- 
composing an absorbed solution of a 
suitable iron salt with heat. 


It is an advantage of the present in- 
vention that the process steps are 
quite flexible. Thus, for example, the 
magnetic carbon may be added either 
during the dissolution of the precious 
metals by the cyanide solution and 
after solution is complete. It is also 
possible to add the carbon in stages 
or to effect .a counter-current flow, 
that is to say, the fresh carbon being 
added to the weakest part of the solu- 
tion. This flexibility of procedure 
makes it possible to fit the improve- 
ments of the present invention into 
existing flowsheets or to adapt flow- 
sheets to local conditions. 


A magnetic recovery of the activat- 
ed carbon containing the precipitated 
precious metals follows in general 
standard magnetic recovery proce- 
dures, and the common types of 
magnetic separators may be employed 
without any material change. The 
possibility of using standard equip- 
ment reduces materially the cost of 
this portion of the process. 

The concentrate itself is of granu- 
lar character and is very readily fil- 
tered or de-watered. This is a great 
advantage over the recovery of carbon 
by froth flotation. It may then be 
shipped directly to smelters or it may 
be burned and the small volume of 
residue cyanided or otherwise treated 
by known methods for handling such 
concentrates. The presence of the 
small amount of magnetic material 
does not interfere in any way with 
the recovery of precious metals from 
the concentrate. 

Some low grade precious metal 
ores contain small amounts of mag- 
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netite or similar magnetic materials 
These, of course, would be removed 
with the magnetic carbon concentrate 
and would result in reduction o 
grade of the latter. It is therefore de 
sirable when an ore has any consid. 
erable content of magnetic material, 
to subject it to a preliminary mag. 
netic separation to remove such mz 
terial. The tailing from this prelimi- 
nary magnetic separator is then treat 
ed by the process of the present inven 
tion, exactly as is the case with non 
magnetic ore. 


The invention will be described in 
greater detail in conjunction with the 
following specific examples. Although 
in most of the examples technical 
grade of black calcium cyanide was 
used in accordance with standard cy. 
anidation practice, the reagent con- 
sumptions are expressed as sodiun 
cyanide equivalents. 


The present invention is of primary 
importance in the beneficiation ot 
slimy precious metal ores. The pro: 
cess, of course, works perfectly ‘ith 
ores which are not slimy and which 
are susceptible to the ordinary cyan 
dation procedures. In some cases the 
present invention is of great econo 
mic importance even with ores which 
can be handled technically by other 
cyanidation procedure. The capital 
investment of a plant in which the 
process of the present invention \ 
used is very much smaller than 3 
conventional cyanidation plant with 
its large filters or decantation ‘anks 
Therefore, when small ore bodies. 
such as old tailings, piles, and the like 
are to be treated, the reduced capita 
expenditure makes the present pro 
cess economically feasible wher: the 
ordinary cyanidation procedures with 
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their large capital investment could 
not be used economically. In a broad- 
er aspect, therefore, the present in- 
vention may be used with ores which 
can be treated effectively by other 


cyanidation processes. The preferred 
modification, however, in which slimy 
ores are treated constitutes by far the 
most important practical field of utili- 
zation. 


New Patents With Chemical Angles 


Boron Extraction 

>» ELEMENTAL BoRON, useful in regu- 
lating the operation of atomic piles, 
can be obtained in purer form, it is 
claimed, by a process on which Dr. 
Frank J. Sowa of Cranford, N.J., has 
taken out patent 2,465,989. First, me- 
tallic sodium is dissolved in liquid am- 
monia, then potassium fluoborate is 
added and the ammonia evaporated 
off. The mixture is covered with com- 
mon salt until fusion is completed; 
then the mass is finely ground and 
treated successively with hot water, 
hydrochloric acid and ammonium bi- 
fluoride. The product is described as 
elemental boron of 70% purity. 

To Stir Covered Beaker 


> How To stir the contents of a glass 
or a laboratory beaker when covered 
by a lid is no problem to Harry H. 
Neal of Los Angeles, recipient of pat- 
ent 2,466,468. He simply drops in a 
short bar magnet, which may be suit- 
ably coated to resist corrosion, then 
sets the covered vessel on a base be- 
neath which another magnet is spun 
rapidly by a motor. 

Synthesis Gas Underground 

> SynrHesIs cas, the mixture of carbon 
monoxide and hydrogen that is the 
basic material for many industrial pro- 
ducis, can be made by partial combus- 
tion of coal or lignite in underground 
seams and piped to the surface for use, 
in a process on which U.S. patent 2,- 
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466,945 has been issued to Frank C. 


Greene of Oakland, Calif. 

In Mr. Greene’s process, !a:2ral bor- 
ings made into the seam ccti\erge up- 
on a central boring which is connected 
with an exhaust blower. After the un- 
derground fires have been started, 
input blowers on the lateral borings 
drive in air enriched with added oxy- 
gen to maintain combustion, and steam 
to be “cracked” by the glowing fuel. 
The resulting synthesis gas is pulled 
out ‘by the exhaust blower. 

Rights in the patent have been as- 
signed to In Situ Gases, Inc., of Reno, 


Nev. 


Titanate Insulators 

> A pIELECTRIC, or insulating material, 
composed of vitrified titanates of bar- 
ium and strontium, is protected by 
patent 2,467,169, issued to Eugene 
Wainer of Niagara Falls, N.Y., as- 
signor to the National Lead Company. 


Oil Flow Speeded 

> A NEW ACID treatment to speed up 
oil flow in partially clogged wells is 
presented by Daniel J. Mullady of 
Kevin, Mont., for patents 2,466,673 
and 2,466,674. In the first, hydrofluo- 
ric acid is used; in the second, hydro- 
chloric. In both, either ammonium ni- 
trite or ammonium nitrate is added, to 
hasten the reaction. 


Ferronickel Process 
> NickeL, either pure or in the form 
of ferronickel, can be extracted from 
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low-grade ores hitherto not economi- 
cally workable by a new process on 
which U.S. patent 2,468,103 has been 
granted to George W. Pawel of Nor- 
ris, Tenn. 


The ores are of the silicate type con- 
taining both iron and nickel. Unfor- 
tunately, they contain also consider- 
able magnesium, which interferes with 
ordinary smelting processes, making 
them too costly. 


In Mr. Pawel’s process, the finer 
particles of ground ore can be smelted 
directly, yielding ferronickel ready for 
market. The coarser pieces are treated 
with hydrochloric acid solution, fil- 
tered, and neutralized with magnesia 
in two steps. The iron comes out as 
a hydroxide, which is routed to the 
ferronickel smelter, and the complex 
magnesium-nickel chloride, after an- 
other magnesia treatment, yields nickel 
hydroxide from which pure nickel can 
be extracted. Excess magnesia is re- 
claimed for the market. 


Treatment For Gases 


> InpusTRIALLy useful compounds can 
be made out of otherwise “unmar- 
riageable” gases by giving them a 


double radio-wave treatment within 
closed containers. One pair of electrodes 
discharges high-frequency waves, on 
the order of 60,000 to 300,000 cycles; 
the other pair sends out very low- 
frequency waves, even as low as 10 
cycles. This treatment can be applied 
to various hydrocarbon gases, to am- 
monia, to alcohols and related com- 
pounds, etc. Used on ordinary air, it 
changes it from a mere mixture of 
nitrogen and oxygen into nitric oxide 
(NO). 

Five patents, Nos. 2,468,173 through 
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2,468,177, have been issued to W. J. 
Cotton and E. T. Denton on various 
forms of apparatus in which this pro. 
cess can be carried out. Rights are as. 
signed to the Koppers Company, Inc. 


Food Preservatives 


> Denyproacetic acip and its alkali 
salts are used as food and beverage 
preservataives in the process on which 
three patents, 2,474,227 through 2,474, 
229, were granted to G. H. Coleman 
and P. A. Wolf, assignors to the Dow 
Chemical Company. 


Oil Extraction by Alcohol 


> SoyBEAN oIL can be economically 
extracted with ordinary alcohol as a 
solvent, by a method on which US. 
patent 2,469,147 has been granted to 
two U.S. Department of Agriculture 
chemists, Dr. A. C. Beckel and P. A. 
Belter, of the Northern Regional Re- 
search Laboratory, Peoria, Ill. It is a 
continuous-process method; and other 
advantages are also claimed by the 
originators. 


The ground beans are first treated 
with alcohol heated to near its boiling 
point. On cooling, some of the oil 
settles out at once, and can be drawn 
off for refining. The alcohol contain- 
ing the balance of the oil, plus by- 
products, is re-heated with steam as it 
passes successively through two tall 
columns. In the first stage, practically 
all the remaining oil separates out in 
large drops, and settles out, to be 
drawn off. The second re-heating and 
settling stage brings out a mixture ol 
sugar and lecithin, both of which have 
economic value. The inventors have 
assigned rights in their patent royalty- 
free to the government. 
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Excerpts From Silliman’s 
Petroleum Report 


First Analysis of Petroleum 
A Classic of Chemistry 


Taken from the new reprint of 
The Frst Scientific Analysis of Petro- 
leam: A Chemical Classic That 
Touched off an Industry, printed by 
Paul H. Giddens, Meadville, Penna. 

In the fall of 1853 George H. Bis- 
sel, a young lawyer of New York 
City, saw in the office of Darmouth’s 
Chemistry Department a small bot- 
tle from an oil spring in Venango 
County, Pennsylvania. Impressed and 
excited over the possibilities of an 
illuminant, Bissell discussed the mat- 
ter with his partner, Jonathan G. 
Eveleth. After they had inspected the 
oil springs they decided to form a 
company, buy the farm, and market 
the new product. 


GENTLEMEN, 

> | herewith offer you the results 
of my somewhat extended researches 
upon the Rock Oil, or Petroleum, 
from Venango County, Pennsylvania, 
which you have requested me to ex- 
amine with reference to its value for 
economical purposes. 

Numerous localities, well known in 
different parts of the world, furnish 
an oily fluid exuding from the sur- 
face of the earth, sometimes alone in 
“tar springs,” as they are called in 
the western U. S.; frequently it is 
found floating upon the surface of 
Water in a thin film, with rainbow 
colors, or in dark globules, that may, 
by mechanical means, be separated 
from the fluid on which it swims. 
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Eveleth and Bissel lacked the capi- 
tal, however, to back this new enter- 
prise and therefore enlisted the aid 
of some New York capitalists. These 
capitalists decided that before mak- 
ing an investment they should have 
an analysis made of the oil to de- 
termine the utility and the value of 
it. Thus Eveleth and Bissel engaged 
one of the great scientists of recent 
times, Professor Benjamin Silliman, 
Jr., of Yale College. 

And it was Professor Silliman’s 
analysis which proved to be the turn- 
ing point in the petroleum industry, 
and from his analysis the value of oil 


was firmly established. 


In some places wells are sunk for 
the purpose of accumulating the prod- 
uct in a situation convenient for col- 
lection by pumping the water out. 
The oil exudes on the shores of Lakes 


and Lagoons, or rises from springs 


beneath the bed of Rivers. Such are 
the springs of Baku, in Persia, and 
the wells of Amiano, in the duchy of 
Parma, in Italy. The usual geo- 
logical position of the rocks furnish- 
ing this natural product, is in the 
coal measures—but it is by no means 
confined to this group of rocks, since 
it has been found in deposits much 
more recent, and also in those that 
are older—but in whatever deposits 
it may occur, it is uniformly regarded 
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as a product of vegetable decomposi- 
tion. Whether this decomposition has 
been effected by fermentation only, 
or by the aid of an elevated tempera- 
ture, and distilled by heated vapor, is 
perhaps hardly settled. . . . 


The Crude Product 


The Crude oil, as is gathered on 
your lands, has a dark brown color, 
which, by reflected light, is greenish 
or bluish. It is thick even in warm 
weather—about as thick as thin mo- 
lasses. In very cold weather it is some- 
what more stiff, but can always be 
poured from a bottle even at 15 be- 
low zero. Its odor is strong and 
peculiar, and recalls to those who 
are familiar with it, the smell of 
Bitumen and Naphtha. Exposed for 
a long time to the air, it does not 
thicken or form a skin on its surface, 
and in no sense, can it be called a 
drying oil. The density of the Crude 
Oil is 882, water being 1000. It boils 
only at a very high temperature, and 
yet it begins to give off a vapor at a 
temperature not greatly above that of 
boiling water. It takes fire with some 
difficulty, and burns with an abundant 
smoky flame. It stains paper with the 
appearance of ordinary fat oils, and 
feels smooth and greasy between the 
fingers. It is frequently used in its 
crude state to lubricate coarse ma- 
chinery. In chemical characters, it is 
entirely unlike the fat oils. Most of 
these characters are common to Petro- 
leum from various places. In one im- 
portant respect, however, the product 
of your lands differs from that ob- 
tained in other situations, that is, it 
does not, by continued exposure to 
the air, become hard and resinous like 
mineral pitch or bitumen. I have 
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been informed by those who have 
visited the locality, that on the sur. 
face of the earth about the springs 
which furnish your oil, there is no 
crust or deposit of this sort such as | 
have seen in other situations where 
Petroleum or mineral tar is flowing 
This difference will be seen to be of 
considerable importance, as it is un. 
derstood and represented that this 
product exists in great abundance up- 
on your property, that it can bk 
gathered wherever a well is sunk in 
the soil, over a great number of 
acres, and that it is unfailing in its 
yield from year to year. The question 
naturally arises, of what value is it in 
the arts, and for what uses can it be 
employed? To enable you to answer 
these inquiries has been the object of 
my researches. 
Examination of the Oil 

To determine what products might 
be obtained in the oil, a portion of it 
was submitted to fractional distilla- 
tion. The temperature of the fluid 
was constantly regulated by a ther- 
mometer, the heat being applied firs 
by a water bath, and then by a bath 
of linseed oil. This experiment was 
founded upon the belief that the crude 
product contained several distinct oils, 
having different boiling points. The 
quantity of material used in this ex- 
periment was 304 grammes. The ther- 
mometer indicated the degrees of the 
Centigrade scale, but, for convenience, 
the corresponding degrees of Fahren- 
heit’s scale are added. The water 


1 Fractional distillation is a process in- 
tended to separate various product. in 
mixture, and having unlike boiling po nts, 
pA keeping the mixture contained i: an 
alembic at regulated successive stage: of 
temperature as long as there is any {is- 
tillate at a given point, and then rai ing 
the heat to another degree, etc. 
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bath failed to distil any portion of 
the oil at 100° C. (=212° Fah.) only 
a small quantity of acid water came 
over. An oil bath, (linseed oil,) was 
then substituted, and the temperature 
was regularly raised by slow degrees 
unt! distillation commenced. From 
that point the heat was successively 
raised by stages of ten degrees, al- 
lowing full time at each stage for 
complete distillation of all that would 
rise at that temperature before ad- 
vancing to the next stage. ... 

The uncertainty of the boiling 
points indicates that the products ob- 
tained were still mixtures of others, 
and the question forces itself upon 
us, whether these several oils are to 
be regarded as educts, (i.e., bodies 
previously existing, and simply sepa- 
rated in the process of distillation,) or 
whether they are not rather produced 
by the heat and chemical change in 
the process of distillation. The con- 
tinued application of an elevated tem- 
perature alone is sufficient to effect 
changes in the constitution of many 
organic products, evolving new bodies 
not before existing in the original 
substance. 


Use for Gas Making 


The Crude Oil was tried as a means 
of illumination. For this purpose a 
weighed quantity was decomposed, 
by passing it through a wrought iron 
retort filled with carbon, and ignited 
to full redness. The products of this 
decomposition were received in a 
suitable apparatus. It produced near- 
ly pure carburetted hydrogen gas, 
the most highly illuminating of all 
the carbon gases. In fact, the oil 
may be regarded as chemically iden- 
tice! with illuminating gas in a liquid 
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form. The gas produced equalled ten 
cubic feet to the pound of oil. It 
burned with an intense flame, smok- 
ing in the ordinary gas jet, but furn- 
ishing the most perfect flame with the 
argand burner. 


These experiments were not prose- 
cuted further, because it was assumed 
that other products, now known and 
in use, for gas making, might be em- 
ployed at less expense for this pur- 
pose, than your oil. Nevertheless, 
this branch of inquiry may be worthy 
of further attention. 


Distillation 


The results of the distillation at a 
regulated temperature in glass, led 
us to believe, that in a metallic ves- 
sel capable of enduring a high degree 
of heat, we might obtain a much 
larger proportion of valuable prod- 
ucts. A copper-still, holding five or 
six gallons was therefore provided, 
and furnished with an opening, 
through which a thermometer could 
be introduced into the interior of the 
vessel. Fourteen imperial quarts (or, 
by weight, 560 ounces) of the crude 
product were placed in this vessel, and 
the heat raised rapidly to about 280° 
C, (= 536° Fah.,). At this high tem- 
perature the distillation was some- 
what rapid, and the product was 
easily condensed without a worm. The 
product of the first stage was 130 
ounces, (or over 28 per cent.,) of a 
very light colored thin oil, having a 
density of .792. This product was also 
acid, and as before, the acid was 
easily removed by boiling with fresh 
water. The temperature was now 
raised to somewhat about 300° C., 
(= 572° Fah.,) and 123 ounces more 
distilled, of a more viscid and yellow- 
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ish oul, having a density of .865. This 
accounts for over 43 per cent. of the 
whole quantity taken. The tempera- 
ture being raised now above the boil- 
ing point of mercury, was continued 
at that until 170 ounces or over 31 
per cent., of a dark brown oil had 
been distilled, having a strong em- 
pyreumatic odor. Upon standing still 
for some time, a dark blackish sedi- 
ment was seen to settle from this por- 
tion, and on boiling it with water, 
the unpleasant odor was in a great 
degree removed, and the fluid became 
more light colored and perfectly 
bright. (It was on a sample of this 
that the photometric experiments were 
made.) The next portion, distilled at 
about 700° Fah., gave but about 17 
ounces, and this product was both 
lighter in color and more fluid than 
the last. It now became necessary to 
employ dry hickory wood as a fuel, 
to obtain flame and sufficient heat to 
drive over any further portions of the 
residue remaining in the alembic. 

It will be seen that we have already 
accounted for over 75 per cent. of 
the whole quantity taken. There was 
a loss on the whole process of about 
10 per cent., made up, in part, of a 
coaly residue that remained in the 
alembic, and partly of the unavoid- 
able loss resulting from the necessity 
of removing the oil twice from the 
alembic, during the process of distilla- 
tion, in order to change the arrange- 
ments of the thermometer, and pro- 
vide means of measuring a_ heat 
higher than that originally contem- 
plated. 

About 15 per cent. of a very thick, 
dark oil, completed this experiment. 
This last product, which came off 
slowly at about 50° Fah., is thicker 
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than the original oil, and when cold is 
filled with a dense mass of pearly 
crystals. These are Paraffine, a pecu- 
liar product of the destructive dis- 
tillation of many bodies in the or- 
ganic kingdom. This substance may 
be separated and obtained as a white 
body, resembling fine spermaceti, and 
from it beautiful candles have been 
made. The oil in which the crystals 
float is of a very dark color, and by 
reflected light is blackish green, like 
the original crude product. Al- 
though it distills at so high a tem- 
perature, it boils at a point not very 
different from the denser products of 
the first distillation. The Paraffine, 
with which this portion of the oil 
abounds, does not exist ready-formed 
in the original crude product, but it 
is a result of the high temperature em- 
ployed in the process of distillation, 
by which the elements are newly ar- 
ranged. 

I am not prepared to say, without 
further investigation, that it would 
be desirable for the Company to 
manufacture this product in a pure 
state, fit for producing candles, (a 
somewhat elaborate chemical _pro- 
cess,) but I may add that, should it 
be desirable to do so, the quantity of 
this substance produced may prob- 
ably be very largely increased, by 
means which it is now unnecessary 
to mention... . 

Conclusion 

In conclusion, gentlemen, it p- 
pears to me that there is much ground 
for encouragement in the belief that 
your Company have in their posses- 
sion a raw material from which, >y 
simple and not expensive proccss, 
they may manufacture very valua' le 


products. 
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It is worthy of note that my experi- your manufacture, when you are 
nents prove that nearly the whole of ready to begin operations, which | 


the raw product may be manufac-_ shall be happy to make, should the 
tured without waste, and this solely Company require it — meanwhile, | 


yy a well directed process which is in remain, gentlemen, 


practice, one of the most simple of Your ob’t serv't, 


| chemical processes. B. Sittman, Jr. 
There are suggestions of a prac- Prof. of Chemistry, in Yale College. 


tical nature, as to the economy of New Haven, April 16, 1855. 
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> “AND ANOTHER thing, Miss Hastings. In the future, when you make out 
your laboratory reports, will you please use the phrase ‘ultramicroscopic’ in 
preference to ‘itty-bitty’?” 
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_ Effervescen ce 
andl 


Caustic Comment 


by Our REaApERS 


> “Wat woutp BE the exact for- 
mula,” Miss R. M. B., Chambersburg, 
Pa., wants to know, “for coloring 
crepe paper or other materials so as 
to give the weather conditions, blue 
for fair weather, lavender for change, 
pink for rain? You use cobalt chlo- 
ride, but my solution is too blue and 
does not turn lavender and only slight- 
ly pink.” 

The chemical which gives the most 
striking color effect with changes of 
humidity is cobalt chloride. Its ef- 
fectiveness can be increased to some 
extent by the addition of a hygroscop- 
ic salt which tends to absorb moisture 
from the air. Some of the silica gels 
are excellent for this purpose. 

Normally it will suffice merely to 
dip the piece of cloth in a solution 
of cobalt chloride in water, to which 
some adhesive such as mucillage may 
be added, if desired. Let the cloth 
dry and it will be ready for use. 

* * * 


> I recetveo the “Show Book Copy.” 
It is a credit to its authors and will be 
invaluable to me. 

Sister F., Louisville, Kentucky. 
> | wit Be grateful if you will let me 
know if the Table of Elements you 
published last year is still available. 
Also I would like to say how pleased 
I am with the Summer Show Book 
Fdition. 

P.J.B., County Cork, Eire. 
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The Editors appreciate the kind 
words about the Chemistry Shou 
Book (a limited number of which an 
still available). A new edition of the 
Periodic Table will be available short 
ly, with the changes announced at the 
116th Meeting of the A.CS. 

** * 


>“I am a constant reader of the 
CHEMIsTRY magazine and find it very 

interesting and plain reading.” 
J. M., Freeland, Pa 

* 7 * 

>I am very sorry, that I cannot be 
longer subscriber of your magazine 
It has a very good quality and we 
would be happy if we in Czechoslova- 
quia had such a one to direct our 
chemical youth. But “Chemistry” is 
not what I need, i.e. a pure scientific, 
special magazine, carrying original 
publications, not a popularizing one. 
Therefore I must ask my friends in 
U.S.A. to change the subscription. | 
write some reports about the news in 
chemistry in Czech magazines and it 
is not easy, to write if original work 
is wanting. If you have interest in the 
structure and position of the Euro 
pean science, especially on the advan- 
tages of the gratest Czech “star”— 
namely polarography—I am ready to 

contribute to your “Chemistry.” 
I hold you up as a model for our 

magazines. 

Yours sincerely, P. Z. Prague. 
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Improvement in Bergius Process 


Reported by U.S. Bureau of Mines 


Coal Hydrogen Simplified 


> He cost of making synthetic gaso- 
line and oil from coal may be signi- 
ficantly reduced by a new method de- 
cribed by five United States Bureau 
of Mines chemists at the recent meet- 
ing of the American Chemical So- 
iety. 

The new technique, which elimi- 
nates part of the relatively complicat- 
ed Bergius-I.G. process developed by 
the Germans to offset wartime pe- 
troleum shortages, is under investiga- 
tion at the Bureau’s Synthetic Li- 
quid Fuels Laboratories at Bruceton, 
Pa., according to a paper by E. L. 
Clark, M. G. Pelipetz, H. H. Storch, 
S. Weller and S. Schreiber. Dr. Storch 
is chief of the Bureau’s Synthetic Li- 
quid Fuels Research and Develop- 
ment Division. 

Explaining that the principal dif- 
ference between oil and coal is that 
the former contains more hydrogen, 
the paper says the German process 
formed liquid fuels by adding hydro- 
gen to coal, accomplishing the addi- 
ton by suspending fine particles of 
coal in an oil and treating this mix- 
ture with hydrogen gas under very 
high pressures at high temperatures. 

Preliminary work at the Bruceton 
laboratories has shown that the hydro- 
genation of coal, as it is called, can be 
effected without suspending the coal 
particles in oil. This consequently eli- 
minates the need of equipment for 
preparing the oil initially for use in 
the process, and for separating the 
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oil from the resulting mixture. The 
space formerly occupied by the oil 
thus becomes available for the con- 
version of more coal. 

Moreover the improved process re- 
quires only operating equipment and 
techniques already familiar to the 
American petroleum industry, so that 
no heavy, specially designed and ex- 
pensive equipment is necessary, such 
as that required to contain the high 
pressures used in the Bergius pro- 
cess. 

Hydrogenation is accomplished in 
the new process by blowing hydrogen 
gas up through a bed of coal particles 
at such a rate that the coal particles 
“dance about in a manner closely re- 
sembling that of a boiling fluid.” 
Such a technique, commonly describ- 
ed in industry as the “fluidized tech- 
nique,” permits the chemical addition 

| hydrogen to coal at much lower 
pressures than those demanded by the 
Bergius process. 

Under the conditions used in the 
fluidization process, the report con- 
tinued, some of the coal is not con- 
verted to oil and gasoline but, instead, 
releases hydrogen and other gases and 
becomes “char” or coke. Although 
this may at first appear to be a dis- 
advantage, it is really advantageous, 
for several reasons. 

The hydrogen released by this coal 
is immediately available for reaction 
with other unreacted coal to form oil 
and gasoline. This means that less hy- 
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drogen gas has to be compressed and 
supplied to the process, and a con- 
siderable saving results. The coke it- 
self provides an ideal fuel to supply 
the power requirements of the plant 
which would normally be met by 
burning coal anyway. As the original 
coal loses practically all of its sulfur 
upon being converted to coke under 
hydrogenating conditions, this coke is 
particularly valuable if it can be used 
as a raw material in a nearby plant 
which requires a mixture of gases con- 
taining virtually no sulfur. 


Many severe engineering difficulties 
must be solved, however, before a 
new and cheaper process for the hy- 
drogenation of coal to oil and gasoline 
is realized. The problem of injecting 
dry coal particles into a system under 
pressure is a severe one. The Bruce- 
ton laboratories have made a very sat- 
isfactory start toward the solution of 
this and many other engineering pro- 
blems related to such a process, but 
the nature of the work so far is only 
preliminary and much remains to be 
done. 


Gelsoy is Soybean Product 


> Tue soybean, already one of Ameri- 
ca’s top-notch crops producing oil, 
meal, food, feeds and fodder, is now 
yielding a tight-sticking glue, dub- 
bed Gelsoy, which is also a valuable 
food product. 


It is said to be the first vegetable 
protein gel. As a glue, it could be 
used on envelopes which could not be 
“steamed” open. The heat of the 
steam will simply make the envelope 
flap stick tighter. Gelsoy glue will 
stick to tin, glass and other surfaces. 
It may play a big part in sticking 
labels on preserved foods in cans, jars 
and pottery containers. Many other 
uses are possible. 

As a food, because of its bland 
taste and its whipping and gelling 
properties, many uses are possible. It 
is a nutritious substance, about half 
soybean protein and half carbohy- 
drate, that has many of the qualities 


of egg white. It can be whipped into 
frothy meringues for pies, is useful 
in cookie and cake fillings, and may 
find its way into ice creams, candies, 
prepared cold meats, soups and other 
foods. 

The value of Gelsoy as a gelling 
agent for food products and as an 
adhesive is a discovery credited to 
Mrs. Letta I. DeVoss, scientific aide 
in the Northern Regional Research 
Laboratory of the U. S. Department 
of Agriculture at Peoria, Ill. Labora- 
tory scientists had derived the new 
substance from the soybean, and Mrs. 
DeVoss started cooking a batch to test 
its whipping qualities. When it 
reached a temperature of about !%) 
degrees Fahrenheit it formed a je!!y- 
like mass. For this discovery, she was 
given a Superior Service Award by 
Secretary Charles F. Brannan for tre 
Department of Agriculture. 


Common salt has long been used to keep damp or undercured 
hay from heating, but it is not a substitute for proper curing. 
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Coal Needed For Food and We'll 
Eat Our Dirty Clothes of Rayon 


Chemistry Will Change World 


>» We look ahead into the future of 
yur civilization and see what chem- 
try might contribute to the world 
f romorrow. There are many rather 
ous things that might happen 
nased on the developments that have 
ady been made — more use of 
istics, application of lighter metals, 
loitation of atomic energy, and a 

t of other possibilities. But the Ad- 
ventures in Science guest speaking on 
the Science radio program 
over the Columbia Broadcasting Sys- 


Service 


\nnouncer: Chemistry has added 
mmense wealth to world and 
pens the way to even greater luxuries 
for mankind in the future. 

Rochow: I’m not as optimistic as 
you are. Perhaps you will agree with 
me that human life is the most 
aluable thing on earth. If that is 
true, we treat our valuables in a 
strange fashion. After putting an end 
to about twenty million lives by the 
earful man-made instrument called 
war, we have left many of our sur- 
ing relations without the 
ecessities of food, clothing and 
shelter. In a world that is fully 
apable of supporting at least its pres- 
mt population in a handsome way, 
we see shortages in the supply of raw 
naterials, a prodigious waste of irre- 
placeable natural resources, a lack of 
igricultural fertilizer and machinery 
t0 help fill the world’s breadbasket, 
ind a decided ineffectiveness in treat- 
ig even many of the most common 
odily ills. 


our 


barest 
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tem, is not content with the obvious 
approach, for he has been a pioneer 
in the development of a new class of 
materials, the silicones, that combine 
carbon and silicon (most familiar to 
you in sand) to make a range of sub- 
stances of great industrial usefulness. 
He is Prof. Eugene G. Rochow, as- 
sociate professor of chemistry at Har- 
vard and until two years ago a Gen- 
eral Electric research chemist. Hts fel- 
low chemists have honored him with 


the prized Baekeland medal. 


That’s a viewpoint 
that is thought provoking. What can 
we do? 


ANNOUNCER: 


RocHow: The paramount issue to 
be settled, of course, is that of war 
and peace, and here the chemist can 
act in his first responsibility as a 
citizen. On the matters of food sup- 
ply, materials of construction, medical 
chemistry, and conservation of natural 
resources the chemist can do much 
more than other citizens, for he can 
apply his training and knowledge. 


Announcer: But surely we have 
enough of many raw materials of our 
civilization, such as coal and iron. 

Rocvow: I’m sorry to say that we 
haven’t. True, we have used only 
two percent of the coal in this country, 
but 58% of the oil is used up, and 
gone forever. We have used and large- 
ly wasted 31% of the iron ore. We 
are poor in copper, with only 40% 
left now. Only 34% of the zine we 
had now remains, only 30% of the 
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tungsten, 15% of both lead and silver 
and a mere 3% of the mercury. 


Announcer: But we can make 
gasoline, lubricating oil and fuel oil 
out of coal. So we need not worry 
too much about using up our petro- 
leum, except that it will cost us more 
to run our automobiles. 


RocHow: True enough, we can 
make oil out of coal. The suitable 
parts of our coal reserve would give 
us liquid fuel for a thousand to three 
thousand years at our estimated 1965 
consumption. But we have_ always 
underestimated our future needs and 
coal may provide only a hundred 
years of liquid fuel supply at the rate 
that we may be consuming it in 1995, 
less than 50 years from now. Also 
this is not the only use for coal. 
We need it for making synthetic or- 
ganic products. Iron and steel manu- 
facture need it. It is used for power 
and heating. And, what is more im- 
portant, it may be needed for food. 


Announcers For food, Dr. Ro- 
chow? Surely we can’t eat coal. 

Rocnow: Not directly, but fats of 
the future may be made from coal 
and may be the most important use 
of coal for our descendants. What we 
should do is to stop thinking about 
more ways to exhaust our resources 
and to start thinking about ways to 
live on the energy supplies and the 
materials that are inexhaustible. 

Announcer: I’m beginning to 
think that everything we do is wrong 
from the standpoint of conservation 
of our resources. 

Rocuow: Well, it is rather absurd 
what we do, isn’t it? We scrape to- 
gether high concentrations of sub- 
stances like steel, aluminum and rub- 
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ber in the form of manufactured arti- 
cles, wear away only a small part of 
them and then throw the rest away. 
Our city dumps and automobile 
cemeteries waste a large amount of 
valuable materials. The present-day 
automobile is one of our worst de- 
vices; it requires much scarce and 
valuable metal, won from the ores 
so laboriously. When a few ounces 
of metal are worn from the 3000 
pounds of motor and running gear, 
the machine is pronounced unfit and 
discarded. I should think that the 
automobile manufacturer would want 
to loan the metal content of a car to 
the purchaser on a deposit basis, rather 
than sell it outright and rely upon the 
haphazard junking system to return 
part of it as scrap.« Much precious 
material is carried down to sea as 
sediment or in solution. We are 
eroding our land, destroying our soil, 
wasting our forests and using our 
mineral deposits. We should pay at- 
tention to using what can be re- 
placed instead of what, once used, is 
gone forever. 


ANNouNcER: But how 


know, Dr. Rochow? 

Rocnow: You can figure it out. A 
Yale scientist has worked out what he 
calls a conservation quotient, or c.q. 
Electricity made from water power 
would have a conservation quotient 
of almost a hundred, but if it is made 
from coal, the fossilized sunshine of 


past ages, its conservation quotient is 
zero. 


can we 


Announcer: Gasoline from petro- 
leum would have a c.q. of zero, but 
alcohol from molasses would have 4 
c.q. of close to a hundred. I think | 
understand. 
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Rocnow: Yes. It is a helpful way 
of looking at the problem. Of course, 
it is not just what is renewable and 
what is not. Plant life can be grown 
again and again, but the supplies of 
nitrogen, phosphorus, potassium and 
other elements must be taken into 
consideration. It looks as though we 
could get them from the air and the 


sea. 


Announcer: Now, Dr. Rochow, 


what about food for the future? 


Rocnow: If we can solve the prob- 
lems along the lines that I believe we 
can, a population of the United States 
of about one billion people could prob- 


ably be fed. 


Announcer: That is about seven 
mes the people now in this country. 

Rocnow: That’s right, and a world 
population of 15 billions would not 
sem unreasonable. But let me warn 
you that our descendents on such a 
crowded earth wouldn’t be eating hot 
dogs and ice cream. They would be 
oo expensive from the standpoint of 
chemical resources. They will have 
to satisfy their appetites with music 
and literature, it has been suggested. 


Announcer: I am not sure that I 
would like that. What will they eat, 
then > 


Rocow: Ordinary farming such as 
We practice now would not support 
them. It takes over a ton of food a 
year grown on nearly five acres of 
land to support a person today. I ex- 
pect that they would have to eat 
wood, in large measure. 


Announcer: But human_ beings 


can’t eat wood, Dr. Rochow. 
Rocuow: Not directly. But the only 
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way to feed the billions will be to 
use the world’s trees for feeding peo- 
ple instead of using wood for houses 
and other building purposes. A tree 
is able to get its mineral nutrients 
from the subsoil, and hence grows 
even in rocky area (if there is enough 
water) because it taps the unleached 
depths where the proportion of dis- 
solved salts is high. It absorbs great 
quantities of carbon dioxide, liber- 
ates much oxygen to complete the 
oxygen cycle, evaporates as much as 
several hundred gallons of water per 
day which would otherwise carry dis- 
solved minerals to the sea, and is 
altogether an admirable thing to have 
around. Unfortunately we cannot di- 
gest cellulose, as can the ruminants 
and many other animals. We could 
get all our carbohydrate requirements 
by hydrolysing the cellulose to simple 
digestible sugars, or by putting micro- 
organisms to work to make mono- 
and disaccharides for us. A people 
used to highly purified sucrose (and 
even pure dextrose) should have no 
objection to other pure sugars from 
wood. A larger problem for chemists 
remains after converting the cellulose, 
however, in utilizing the lignin that 
constitutes about 40% of wood. 


Announcer: Very well, that takes 
care of the carbohydrates of the diet 
of the future. What about the meat? 


Rocuow: No meat. But there must 
be protein for the future masses. That 
offers more difficulty. It seems certain 
that meat and eggs as sources of pro- 
tein will gradually vanish, for a beef 
steer converts only about 12% of its 
food to meat and does worse at it when 
poorly fed. It is much more sensible 
(if less fun) to feed the plant pro- 
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teins to people directly, as the British 
have found in the last decade. 

Announcer: What if we run out 
of vegetable protein? 

Rocuow: After plant proteins be- 
come too scarce, and if fish do not 
satisfy the appetite and taste, synthetic 
amino acids seem to provide the only 
answer. 

Announcer: What about fats? 

RocHow: Fats are not so easily ob- 
tained by microbiological activity, nor 
do we have enough from plant 
sources. They can be made synthetic- 
ally, however, and the Germans de- 
veloped a satisfactory product during 
the recent war by converting coal to 
edible fats. It is a process like this 
that puts the food industry in com- 
petition wath other 
the coal reserve. 


industries for 
Announcer: Now, Mr. Rochow, 
what about clothes of the future. 


Rocuow: Clothing needs are much 
more easily satished than those of 
food. If we are to have plenty of 
cellulose, we may as well have rayon 
textiles rather than the supposedly 
less comfortable or durable paper 
clothes that Bellamy imagined in his 
book of the last century: Looking 
Backward. Only about 15 pounds per 


year of cellulose would be required 
for each person, in contrast with the 
food requirement, and it need only 
be loaned; instead of remaking paper 


clothes (as in Looking Backward) we 


could convert pure cellulose used 


clothes to edible products. 
ANNOUNCER: You 
our dirty clothes. 


mean we'd eat 


Rocuow: Exactly. Wool would be 
out because of the extreme amount of 
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food required to raise it, and furs 
would have to be synthetic unless the 
polar bear and the seal increased their 
output. Leather will disappear with 
meat, and the plastic which is geo 
chemically cheapest and has the high 
est conservation quotient will take 
over. 

Announcer: How will we get 
about in the crowded future, Dr 
Rochow? Ordinary automobiles oi 
steel run by gasoline seem to be too 
expensive for our resources. 

Rocuow: Yes, that’s right. There 
must be increased use of magnesium. 
of which there is plenty in the sea, 
and it will be our prime structura 
metal. There must be a power sourc: 
from materials that are renewable, | 
our future populations are to mo\ 
around much or very fast. 


Now, what about 
roof over the heads of the populations 
of the future? 

Rocnow: For housing we are al 
most certainly driven to ceram« 
structures, with a very low minimun 
of wood and 


ANNOUNCER: 


not even much steel 
In Bermuda houses today are buill 
out of the soft Aeolean limestone o! 
the building lot itself. Here in th 
United States we have less obliging 
rocks and subsoils, but given a greal 
deal of cheap power they could kx 
fused into building blocks on the sit 
Automatic processing machines migh! 
even be built to deliver bricks trom 
the excavated material from 
basement. Schools and public build 
ing now are made in much this way. 
except that the bricks and glass b ocks 
are transported and much stec , 
phalt and similar material is used 
along with them. 
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CHEMISTRY Teaching Aids for You 


»Group Subscriptions to CHEMISTRY, state number of 
copies wanted. 10 or more copies in one bundle for 1 
year at $1.75 each 


» Chemistry SHOW BOOK, state number of copies 
wanted. Durably bound in blue cloth, $2.00 per copy 


» Periodic TABLE OF ELEMENTS, new edition, state 
number wanted. 25 cents each, or 10 copies for $1.00 


>» THINGS of Science, one experimental kit each month, 
$4.00 per year for each membership. No. memberships 


»FUNdamentals of Science, large kits with material for 


experiments, sent postpaid in the United States, at 
$4.95 each. 


BLACK LIGHT AND GLOWING’ MATERIALS. 
state number wanted 


ELECTRICITY AND MAGNETISM. 
state number wanted 


SOILLESS GARDENING, state number wanted 


>BOOKS from any American publisher may ke ordered 
through Science Service Book Department, postpaid 
at the regular list price. Give Title, Author, Publisher, 
Price. 


To CHEMISTRY, 1719 N St. N.W., Washington 6, D.C. 


In payment for the above order, please find $ 
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